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typically includes interface and processing circuitry for
providing system control to the cell-sites. Controller 10
aiso controls the routing of telephone cails from the
public switched telephone network (PSTN) to the ap-
propriate cell-site for transmission to the appropriate
mobile unit. controller 10 also controls the routing of
calls fromt he mobile units. via at least one cell-site, to
the PSTN. Controller 10 may connect calls between
mobile users via the appropriate cell-sites since the mo-
bile units do not typically communicate directly with
one another.

Controller 10 may be coupled to the cell-sites by
various means such as dedicated telephone lines, optical
fiber links or microwave communication links. In FIG.
1, two such exemplary cell-sites 12 and 14 including,
along with mobile units 16 and 18 each including a
cellular weiephone are illustrated. Cell-sites 12 and 14 as
discussed herein and illustrated in the drawings are
considered to service an entire cell. However it should
be: understood that the cell may be geographically di-
vided into sectors with each sector treated as a different
coverage area. Accordingly, handoffs are made be-
tween sectors of a same cell as is described herein for
multiple cells, while diversity may aiso be achieved
between sectors as is for cells.

In F1G. 1, arrowed lines 20a-205 and 2242-22b respec-
tively define the possible communication links between
cell-site 12 and mobile unit 16 and 18. Similarly, ar-
rowed lines 24a0-246 and 260-26b respectively define
the possible communication links between cell-site 14
and mobile units 16 and 18. Cell-sites 12 and 14 nomi-
nally transmit using equal power.

The cell-site service areas or cells are designed in
geographic shapes such that the mobile unit will nor-
mally be closest to one cell-site, and within one cell
sector shouid the cell be divided into sectors. When the
mobile unit is idle, i.e. no calls in progress. the mobile
unit constantly monitors the pilot signal transmissions
from esch nearby cell-site, and if applicable from a
single cell-site in which the cell is sectorized. As illus-
trated in FIG. 1, the pilot signals are respectively trans-
mitted to mobile unit 16 by cell-sites 12 and 14 upon
outbound or forward communication links 20g and 26a.
Mobile unit 16 can determine which cell it is in by com-
paring signal strength in pilot signals transmitted from
cell-sites 12 and 14.

In the example illustrated in FIG. 1, mobile unit 16
may be considered closest to ceil-site 12. When mobile
unit 16 initiates a call, a control message is transmitted
to the nearest cell-site, cell-site 12. Cell-site 12 upon
receiving the call request message, transfers the called
number 10 system controller 10. System controller 10
then connects the call through the PSTN to the in-
tended recipient.

Should a call be initisted within the PSTN, controller
10 transmits the call information 10 all the cell-sites in
the area. The cell-sites in return transmit s paging mes-
sage within each respective coverage area that is in-
tended for the called recipient mobile user. When the
intended recipient mobile unit hears the page message, it
responds with a control message that is transmitted to
the nearest cell-site. This control message signals the
system contraller that this particular cell-site is in com-
munication with the mobile unit. Controller 10 then
routes the call through this cell-site to the mobile unit.
Should mobile unit 16 move out of the coverage area of
the initial cell-site. cell-site 12, an attempt is made to
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8
continue the call by routing the call through another
cell-site.

With respect to cellular teiephone systems, The Fed-
eral Communications Commussion (FCC) has allocated
a total of 25 MHz for mobile-to-cell links and 25 MH:z
for cell-to-mobile links. The FCC has divided the allo-
cation equally between two service providers, one of
which is the wireline telephone company for the service
area and the other chosen by lottery. Because of the
order in which allocations were made. the 12.5 MHz
allocated to each carrier for each direction of the link is
further subdivided into twb sub-bands. For the wireline
carriers, the sub-bands are each 10 MHz and 2.5 MH:
wide. For the non-wireline carriers, the sub-bands are
each 11 MHz and 1.5 MHz wide. Thus, a signal band-
width of less than 1.5 MHz could be fit into any of the
sub-bands, while a bandwidth of less than 2.5 MH:
could be fit into all but one sub-band.

To preserve maximum flexibility in allocating the
CDMA technique to the available ceilular frequency
spectrum, the waveform utilized in the cellular tele-
phone system should be leas than 1.5 MHz in band-
width. A good second choice would be a bandwidth of
about 2.5 MHz. allowing full flexibility to the wireline
cellular carriers and nearly full flexibility to non-wire-
line cellular carriers. While using a wider bandwidth
has the advantage of offering increased muitipath dis-
crimination, disadvantages exist in the form of higher
equipment costs and lower flexibility in frequency as-
signment within the allocated bandwidth.

In a spread spectrum cellular telephone system, such
as illustrated in FIG. 1, the preferred waveform design
implemented involves a direct pseudonoise
spread spectrum carrier. The chip rate of the PN se-
quence is chosen to be 1.2288 MHz in the preferred
embodiment. This particular chip rate is chosen so that
the resulting bandwidth. about 1.25 MHz after filtering,
is approximately one-tenth of the total bandwidth allo-
cated to one cellular service carrier.

Another consideration in the choice of the exact chip
rate is that it is desirable that the chip rate be exactly
divisible by the baseband data rates to be used in the
system. It is aiso desirable for the divisor to be a power
of two. In the preferred embodiment, the baseband data
rate 1s 9600 bits per second, leading 1o a choice of 1.2288
MHz, 128 times 960Q for the PN chip rate.

In the cell-to-mobile link, the binary sequences used
for spreading the spectrum are constructed from two
different types of sequences, each with differeat proper-
ties to provide different functions. There is an outer
codethnumwdlnmhmaedlumum
is used to discriminate between multipath signals. The
outer code is also used to discriminate between signals
transmitted by different cells or sectors 1o the mobile
units. There is also an inmer code that is used to discrimi-
nate between user signals transmitted by single sector or
cell.

The carrier waveform design in the preferred em-

bodiment for the cell-site transmitted signals utilizes a
smusoldalmtlmaquldnphne(fonrphm)nod
ulated by a pair of binary PN saquences that provide the
outer code iransmitted by a single sector or ceil. The
sequencas are generated by two different PN generators
of the same sequence leagth. One sequence bi-phase
moduiates the in-phase channel (I Channel) of the car-
rier and the other sequence bi-phase modulates the
quadrature phase (Q Channel) of the carrier. The resuit-
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ing signals are summed to form a composite four-phase
carrier.

Although the values of a logical *“zero” and a logical
“one"” are conventionally used to represent the binary
sequences, the signal voltages used in the modulation
process are +V volts for a logical “*one” and -V volts
for a logical *“zero”. To bi-phase modulate a sinusoidal
signal, a zero volt average value sinusoid is multiplied
by the +V or —V voluage level as controlled by the
binary sequences using a multiplier circuit. The result-
ing signal may then be band limited by passing through
a bandpass filter. It is also known in the art to lowpass
filter the binary sequence stream prior to multiplying by
the sinusoidai signal, thereby interchanging the order of
the operstions. A quadraphase modulator consists of
two bi-phase modulators each driven by a different
sequence and with the sinusoidal signals used in the
bi-phase modulators having a 90" phase shift therebe-
tween.

In the preferred embodiment, the sequence length for
the transmitted signal carnier is chosen to be 32,768
chips. Sequences of this length can be generated by a
modified maximal-length linear sequence generator by
adding a zero bit to a length 32,767 chip sequence. The
resulting sequence has good cross-correiation and auto-
correlation properties. Good cross-correlation and au-
tocorrelation properties are necessary to prevent mu-
tual interference between pilot carriers transmitted by
different cells.

A sequence this short in length is desirable in order to
minimize acquisition time of the mobile units when they
first enter the system without knowledge of svstem
timing. With unknown timing, the entire length of the
sequence must be searched to determine the correct
uming. The longer the sequence, the longer ime the
acquisition search will require. Although sequences
shorter than 32,768 could be used. it must be understood
that as sequence length is reduced, the code processing
gain is reduces. As processing gain is reduced, the rejec-
tion of muitipath interference along with interference
from adjacent cells and other sources will also be re-
duced. perhaps 10 unacceptable levels. Thus. there is a
desire to use the longest sequence that can be acquired
in a reasonable time. It is also desirable to use the same
code polynomials in all cells so that the mobile unit. not
knowing what cell it is in when initially acquiring syn-
chronization, can obtain full synchronization by search-
ing a singie code polynomial.

In order to simplify the synchronization process. all
the cells in the system are synchronized to each other.
In the exemplary embodiment, cell synchronization is
accomplished by synchronizing all the celis to a com-
mon time reference, the Navstar Global Positioning
System satellite navigsation system which is itself syn-
chrostized to Universal Coordinated Time (UTC).

Signals from differenat cells are differentiated by pro-
viding time offsets of the basic sequences. Each cell is
assigned a different time offset of the basic sequences
differing from its neighbors. In the preferred embodi-
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ment, the 32,768 repetition period is divided into a set of 60

512 timing offsets. The 512 offsets are spaced 64 chips
apart. Each sector of each cell in a cellular system is
also assigned a different one of the offsets to use for all
its transmissions. 1f there are more than 512 sectors or
cells in the system, then the offsets can be reused in the
same manner as frequencies are reused in the present
anslog FM cellular system. In other designs. a different
number than 512 offsets could be used. With reasonable
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care in assignment of pilot offsets. it should never be
necessary for near neighboring cells to use near neigh-
bonng time offsets.

All signals transmitted by a cell or one of the sectors
of the cell share the same outer PN codes for the | and
Q channels. The signals are also spread with an inner
orthogonal code generated by using Waish functions. A
signal addressed to a particular user is multiplied by the
outer PN sequences and by a particular Walsh se-
quence, or sequence of Walsh sequences, assigned by
the sysiem controller for the duration of the user’s tele-
phone call. The same inner code is appiied to both the |
and Q channels resulting in a modulation which i 1s effec-
tively bi-phase for the inner code.

It is well known in the art that a set of n orthogonal
binary sequences, each of length n, for n any power of
2 can be constructed, see Digital Communications with
Space Applications, S. W. Golomb et al., Prentice-Hall,
Inc, 1964, pp. 45-64. In fact, orthogonal binary se-
quence sets are also known for most lengths which are
multiples of four and less than two hundred. One class
of such sequences that is easy to generate is called the
Walsh function, also known as Hadamard matrices.

A Walsh function of order n can be defined recur-
sively as follows:

" Win/2), Mn/2)
" =1 a2y, W2
where W’ denotes the logical complement of W, and
W(l)={0].
Thus,

M2) = lml""’
0.0.0.0
0.1.01

[}

MO = a0 1t

0.1.1.0

W(8) is as follows:

0,0.0.0.0,0.00
0.1.0,1,0. 1.0, 1
00110011
01500110
0.0.0,011.1.1
01011010
0.0.1,1.11.0.0
0.1,1,01001

ME) =

A Walsh sequence is one of the rows of 8 Walsh func-
tion matrix. A Walsh function of order n contains n
sequences, each of length n bits.

A Walsh function of order n (as well as other orthog-
onal functions) has the property that over the interval of
n code symbols. the cross-correlation between all the
different sequences within the set is zero, provided that
the sequences are time aligned with each other. This can
be seen by noting that every sequence differs from
every other sequence in exactly half of its bits. It should
also be noted that there is always one sequence contain-
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ing all zeroes and that all the other sequences contain
half ones and half zeroes.

Neighboring cells and sectors can reuse the Walsh
sequences because the outer PN codes used in neighbor-
ing cells and sectors are distinct. Because of the differ-
ing propagation times for signals berween a particular
mobile's location and two or more different cells, it is
not possible to satisfy the condition of time alignment
required for Walsh function orthogonality for both cells
at one time. Thus, reliance must be piaced on the outer
PN code to provide discrimination between signals
arriving at the mobile unit from different cells. How-
ever, all the signais transmitted by a cell are orthogonal
to each other and thus do not contribute interference to
each other. This eliminates the majority of the interfer-
ence in most locations, allowing a higher capacity to be
obtained.

The system further envisions the voice channel to be
a variable rate channel whose data rate can be varied
from data block 1o data block with a minimum of over-
head required 1o control the data rate in use. The use of
variable data rates reduces mutual interference by elimi-
nating unnecessary transmissions when there is no use-
ful speech to be transmitted. Algorithms are utilized
within the vocoders for generating a varying number of
bits in each vocoder block in accordance with vana-
tions 1n speech activity. During active speech. the vo-
coder may produce 20 msec. data blocks containing 20,
40, 80. or 160 bits. depending on the activity of the
speaker. It is desired to transmit the data blocks in a
fixed amount of ume by varying the rate of transmis-
sion. It is further desirable not to require signalling bits
to inform the receiver how many bits are being trans-
mitted.

The blocks are further encoded by the use of a cyclic
redundancy check code (CRCC) which appends to the
block an additional set of parity bits which can be used
to determine whether or not the block of data has been
decoded correctly. CRCC check codes are produced
by dividing the data block by a predetermined binary
polvnomial. The CRCC consists of all or a portion of
the remainder bits of the division process. The CRCC is
checked in the receiver by reproducing the same re-
mainder and checking to see of the received remainder
bits are the same as the regenerated check bits.

In the disclosed invention, the receiving decoder
decodes the block as if it contains 160 bits, and then
again as if it contains 80 bits, etc. until all possible block
lengths have been tried. The CRCC is computed for
each trial decoding. If one of the trial decodings results
in a correct CRCC, the data block is accepted and
passed on to the vocoder for further processing. If no
tnal decoding produces a valid CRCC, the received
symbols are passed on to the system'’s signal processor
where other processing operations can optionally be
performed.

In the cell transmitter, the power of the transmitted
waveform is varied as the data rate of the block is var-
jed. The highest data rate uses the highest carrier
power. When the data rate is lower than the maximum.
the modulator, in addition to lowering the power, re-
pemsuchencodeddausymbolanumberofnmeus
required to achieve the desired transmission rate. For
example, at the lowest transmission rate, each encoded
symbol is repeated four times.

In the mobile transmitter, the peak power is heid
constant but the transmitter is gated off i, or § or } of
the time in accordance with the number of bits to be
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transmitted in the data block. The positions of the on-
times of the transmitter is varied pseudo-randomly in
accordance with the mobile user’s addressed user code.

CELL-TO-MOBILE LINK

In the preferred embodiment, the Walsh function size
n. is set equal to sixty-four (n =64) for the cell-to-mobile
link. Therefore each of up to sixty-four different signals
to be transmitted are assigned a unique orthogonal se-
quence. The forward error correction (FEC) encoded
symbol stream for each voice conversation is muitiplied
by its assigned Walsh sequence. The Waish coded/FEC
encoded symbol stream for each voice chaanel is then
multiplied by the ocuter PN coded waveform. The resul-
tant spread symbol streams are then added together to
form a composite waveform.

The resulting composite waveform is then modulated
onto a sinusoidal carrier, bandpass filtered, transiated to
the desired operating frequency, amplified and radiated
by the antenna system. Alternate embodiments of the
present invention may interchange the order of some of
the just described operations for forming the cell-site
transmitted signal. For example, it may be preferred to
multiply each voice channel by the outer PN coded
waveform and perform the filtering operation prior to
summation of all the channel signals 10 be radiated by
the antenna. It is well known in the art that the order of
linear operations may be interchanged 10 obtained van-
ous implementation advantages and different designs.

The waveform design of the preferred embodiment
for cellular service uses the pilot carrier approach for
the cell-to-mobile link as described in U.S. Pat. No.
4,901,307. All cells transmit pilot carriers using the same
32,768 length sequence, but with different timing offsets
to prevent mutual interference.

The pilot waveform uses the all-zero Walsh sequence,
i.e.. a Walsh sequence comprised of all zeroes that is
found in all Walsh function sets. The use of all-zero
Walsh sequence for all cells’ pilot carriers allows the
initial search for the pilot waveform 10 ignore the
Walsh functions until after the outer code PN synchro-
nization has been obtained. The Walsh framing is
locked 10 the PN code cycle by virtue of the length of
the Walsh frame being a factor of the- PN sequence
length. Therefore, provided that the cell addressing
offsets of the PN code are multiples of sixty-four chips
(or the Waish frame leagth) then the Walsh framing is
known implicitly from the outer PN code timing cycle.

All the cells in a service area are supplied with accu-
rate synchronization. la the pereferred smbodiment, a
GPS receiver st each cell synchronizes the local wave-
form timing to Universal Coordinated Time (UTC).
The GPS system allows time synchroaigation to better
than 1 microsecopd accuracy. Accurste synchroniza-
mdedlsummhmomxmdbwmhndoﬂof
calls between calls when maobiles move from oae cell to
another with a allm progress. If the neighboring ceils

are synchronized, the mobile unit will aot have diffi-
cu.lty synchrouun; to the new cell thereby facilitating
a smooth handoff.
ncmblwnnnmudnlmpower
level -than a typical voice carrier 30 as to provide
greater signal 10 noise and interference masgin for this
signal. The lu;h:rpow level pilot-carrier enables the
initial acquisition search to be done at high speed and to
mkepomblenverymmemckm;dmamer
phase of the pilot carrier by a relatively wide bandwidth
phase tracking circuit. The carrier phase obtained from
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tracking the pilot carrier is used as the carner phase
reference for demodulation of the carriers modulated
by user information signals. This technique allows many
user carriers to share the common pilot signal for car-
rier phase reference. For example, in a system transmit.
ting a total of fifteen simultaneous voice carriers, the
pilot carrier might be allocated a transmit power equal
to four voice carriers.

In addition to the pilot carrier, another carrier in-
tended to be received by all system users in the cell is
transmitted by the cell-site. This carrier, called the syn-
chronization channel, also uses the same 32,768 length
PN sequence for spectrum spreading but with a differ-
ent, pre-assigned Walsh sequence. The synchronization
channel transmits a broadcast message containing sys-
tem information for use by the mobiles in the system.
The system information identifies the cell-site and the
system and conveys information allowing the long PN
codes used for mobile information signals to be syn-
chronized without additional surchmg

Another channel, called the paging channel may be
provided to transmit messages to mobiles indicating that
a call has arrived for them, and to respond with channel
assignments when a mobile initiates a call.

Each voice carrier transmits a digital representation
of the speech for a telephone call. The analog speech
waveform is digitized using standard digital telephone
techniques and then compressed using a vocoding pro-
cess to a data rate of approximately 9600 bits per sec-
ond. This data signal is then rate r=4, constraint length
K =9 convolutional encoded. with repetition. and inter-
leaved in order to provide error detection and correc-
tion functions which allow the system to operate at a
much lower signal-to-noise and interference ratio.
Techniques for convolutional encoding, repeution and
interleaving are well known in the art.

The resulting encoded symbols are multiplied by an
assigned Walsh sequence and then multiplied by the
outer PN code. This process results in a PN sequence
rate of 1.2288 MHz or 128 times the 9600 bps data rate.
The resulting signal is then modulated onto an RF car-
rier and summed with the pilot and setup carriers. along
with the other voice carriers. Summation may be ac-
complished at several different points in the processing
such as at the IF frequency, or at the baseband fre-
quency either before or after multiplication by the PN
sequence.

Each voice carrier is also multiplied by a value that
sets its transmitted power relative to the power of the
other voice carriers. This power control feature allows
power to be allocated to those links that require higher
power due to the intended recipient being in a relatively
unfavoring location. Means are provided for the mo-
biles to report their received signal-to-noise ratio to
allow the power to be set at a level so as to provide
adequate performance without waste. The orthogonal-
ity property of the Walsh functions is not disturbed by
using different power levels for the different voice car-
riers provided that time alignment is maintained.

FIG. 2 illustrates in block diagram from an exemplary
embodiment cell-site equipment. At the cell-site, two
receiver systems are utilized with each having a sepa-
rate antenna and analog receiver for space diversity
reception. In each of the receiver systems the signals are
processed identically until the signals undergoes a di-
versity combination process. The elements within the
dashed lines correspond to elements corresponding to
the communieations between the cell-site and one mo-
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bile unit. The output of the analog receivers are also
provided to other eiements used in communications
with other mobile units.

In FIG. 2, the first receiver system is comprised of
antenna 30. analog receiver 32, searcher receiver 34 and
digital data receiver 36. The first receiver system may
also include an optional digital data receiver receiver
38. The second receiver system includes antenna 40,
analog receiver 42, searcher receiver 44 and digital data
receiver 46.

The cell-site also includes cell-site control processor
48. Control processor 48 is coupled to data receivers 36,
38. and 46 along with searcher receivers 34 and 44.
Control processor 48 provides among other functions,
functions such as signal processing; timing signal gener-
ation; power control; and control over handofY, diver-
sity, diversity combining and system control processor
interface with the MTSO (FIG. 8). Walsh sequence
assignment along with transmitter and receiver assign-
ment is also provided by control processor 48.

Both receiver systems are coupled by data receivers
36. 38. and 46 to diversity combiner and decoder cir-
cuitry 50. Digital link 52 is coupled to receive the out-
put of diversity combiner and decoder circuitry 50.
Digital link 52 is also coupled to control processor 48,
cell-site transmit modulator 54 and the MTSO digital
switch. Digital link 52 is utilized to communicate signals
to and from the MTSO (FIG. 8) with cell-site transmit
modulator 54 and circuitry 50 under the control of
control processor 48.

The mobile unit transmitted signals are direct se-
quence spread spectrum signals that are modulated by a
PN sequence clocked at a predetermined rate, which in
the preferred embodiment is 1.2288 MHz. This clock
rate is chosen 1o be an integer multiple of the baseband
data rate of 9.6 Kbps.

Signals received on antenna 30 are provided to ana-
log receiver 32. The details of receiver 32 are further
illustrated in F1G. 3. Signals received on antenna 30 are
provided to downconverter 100 which is comprised of
RF amplifier 102 and mixer 104. The received signals
are provided as an input to RF amphﬁer where they are
amplified and output to an input to mixer 104. Mixer 104
is provided another input, that being the output from
frequency synthesizer 106. The amplified RF signals are
translated in mixer 104 to an [F frequency by mixing
with the frequency synthesizer output signal.

The IF signals are then output from mixer 104 to
bandpass filter (BPF) 108, typically a Surface Acoustic
Wave (SAW) filter having a passband of 1.25 MHz,
where they are bandpass flltered. The filtered signals
are output from BPF 108 to IF amplifier 110 where the
signals are amplified. The amplified IF signals are out-
put from IF amplifier 110 to amalog to digital (A/D)
converter 112 where they are digitized at 2 9.8304 MHz
clock rate which is exactly 8 times the PN chip rate.
Although (A/D) converter 112 is illustrated as part of
receiver 32, it could instead be a part of the data and
searcher receivers. The digitized IF npu.ls are output
from (A /D) converter 112 to data receiver 36, optional
data receiver 38 and searcher receiver 34. The signals
output from receiver 32 and 1 and Q channel signals as
discussed later. Although as illustrated in F1G. 3 with
A/D converter 112 being a single device, with later
splitting of the I and Q channel signals, it is envisioned
that channel splitting may be done prior to digitizing
with two separate A/D converters provided for digitiz-
ing the I and Q channels. Schemes for the RF-IF-Base-
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band frequency downconversion and analog to digital
conversion for I and Q channels are well known in the
art.

Searcher receiver 34 is used to at the cell-site to scan
the time domain about the received signal to ensure that
the associated digital data receiver 36, and data receiver
38 if used, are tracking and processing the strongest
available time domain signal. Searcher receiver 64 pro-
vides a signal to cell-site control processor 48 which
provides controi signals to digital data receivers 36 and
38 for selecting the appropriate received signal for pro-
cessing.

The signal processing in the cell-site data receivers
and searcher receiver is different in several aspects than
the signal processing by similar elements in the mobile
unit. In the inbound, i.e. reverse or mobile-to-cell link,
the mobile unit does not transmit a pilot signal that can
be used for coherent reference purposes in signal pro-
cessing at the ceil-site. The mobile-to-cell link is charac-
terized by a non-coherent modulation and demodula-
tion scheme using 64-ary orthogonal signailing.

In the 64-ary orthogonali signalling process. the mo-
bile unit transmitted symbols are encoded 1~ > one of 2¢,
i.e. 64, different binary sequences. The set ' sequences
chosen are known as Walsh functions. The optimum
receive function for the Walsh function m-ary signal
encoding is the Fast Hadamard Transform (FHT).

Referring again to FIG. 2, searcher receiver 34 and
digital data receivers 36 and 38, receive the signals
output from analog receiver 32. In order 10 decode the
spread spectrum signals transmitted 10 the particular
cell-site receiver through which the mobile unit com-
municates. the proper PN sequences must be generated.
Further details on the generation of the mobile unit
signals are discussed later herein.

As illustrated in FIG. 3, receiver 36 includes two PN
generators, PN generators 120 and 122, which generate
two different short code PN sequences of the same
length. These two PN sequences are common to those
of all cell-site receivers and all mobile units with respect
to the outer code of the modulation scheme as discussed
in further detail later herein. PN generators 120 and 122
thus respectively provide the output sequences, PN;
and PNg. The PN;and PNg sequences are respectively
referred to as the In-Phase (I) and Quadrature (Q) chan-
nel PN sequences.

The two PN sequences. PN;and PN, are generated
by different polynomials of degree 15, augmented to
produce sequences of length 32,768 rather than 32,767
which would normally be produced. For example, the
augmentation may appear in the form of the addition of
a single zero to the run of fourteen 0's in & row which
appears one time in every maximal-length linear se-
quence of degree 15. In other words, one state of the
PNgenemorwouldbercpuwdmthegemuonof
the . Thus the modified sequence contains one
run of fifteen I's and one run of fifteen 0's.

In the exemplary embodiment receiver 36 also in-
cludeulonzeodePNgeuruur 124 which generates 3
PNy sequence corresponding to a PN sequence gener- 60
ated by the mobile unit in the mobile-to-cell link. PN
generator 124 can be a maximal-length linear sequence
zenenlorthatgenmlannutl’ﬂcodethalsvery
lang, for exampie degree 42, time shifted in accordance
with an additionai factor such as the mobile unit address
or user D to provide discrimination among users. Thus
the cell-site received signal is modulated by both the
long code PNy sequence and the short code PN; and
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PNQ sequences. In the alternative, a non-linear encryp-
uonmemor such as an encryptor using the data
encryption standard (DES) to encrypt a 64-symbol
representation of universal time using a user specific
key, may be utilized in place of PN generator 124.

The PNy sequence output from PN generator 124 is
exclusive-OR’ed with the PN;and PNg sequences re-
spectively in exclusive-OR gates 126 and 128 10 provide
the sequences PN/ and PN

The sequences PN/ MQP are provided to PN
QPSKeoﬂdnmlNdon;wn.thhelmdQchmnel
signals output from receiver 32. Correlator 130 is is
unluedtocotfelnetheludQchmeldmwnhthe
PNy and PN, 0? ' sequences. The correlated [ and Q chan-
nel outputs of correlator 130 are respectively provided
to accumulators 132 and 134 where the symbol data is
accumulated over 8 4-chip period. The outputs of accu-
mulators 132 and 134 are provided as inputs to Fast
Hadamard Transform (FHT) processor 136. FHT pro-
cessor 148 produces a set of 64 coefficients for every 6
symbols. m“codﬁmumthenmuluphedbya
weighing function generated in control processor 48
The weighting function is linked to the den;odulated
signal strength. The weighted data output from FHT
136 is provided to diversity combiner and decoder cir-
cuitry 50 (F1G. 2) for further processing.

The second receiver system processes the received
signals in 2 manner similar to that discussed with respect
to the first receiver system of FIGS. 2 and 3. The
weighted 64 symbols output from receivers 36 and 46
are provided to diversity combiner and decoder cir-
cuitry 40. Circuitry 50 includes an adder which adds the
weighted 64 coefficients from receiver 36 to the
weighted 64 coefficients from receiver 46. The resulting
64 coefficients are compared with one another in order
to determine the largest coeflicient. The magnitude of
the comparison result, together with the identity or the
largest of the 64 coefficients, is used to determine a set
of decoder weights and symbols for use within a Viterbi
algorithm decoder implemented in circuitry 50.

The Viterbi decoder contained within circuitry 50 is
of a type capable of decoding data encoded at the mo-
bile unit with a constraint length K=9, and of a code
rate r=4§. The Viterbi decoder is utilized 10 determine
the most likely information bit sequence. Periodically,
nominally 1.25 msec, a signal quality estimate is ob-
tained and transmitted as a mobile unit power adjust-
ment comunand along with data to the mobile unit.
Further information on the generstion of this quality
estimate is discussed in further detail in the copending
application mentioned above. This quality estimate is
the average signal-to-noise ratio over the 1.25 msec

interval,

Each dsta receiver tracks the timing of the received
signal it is ing. This is accomplished by the well
known

technique of correlating the received signal by a
alightly early local reference PN and correlating the
received signal with a slightly late local reference PN.
The difference between these two correlations will
average to zero if there is 8o timing error. Conversely,
if there is a timing error, then this difference will indi-
cate the magnitude and sign of the error and the receiv-
er'sum;uadjmdmdiuly

The cell-site further includes anteana 62 which is
coupled to GPS receiver 64. GPS receiver processes
signals received on antenna 62 from satellites in the
Navstar Global Positioning System satellite navigation
system so as to provide timing signals indicative of
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Universal Coordinated Time (UTC). GPS receiver 64
provides these timing signals to control processor 48 for
timing synchronizing at the cell-site as discussed previ-
ously.

In F1G. 2 optional digital data receiver 38 may be
included for improved performance of the system. The
structure and operation of this receiver is similar to that
described with reference to the data receivers 36 and 46.
Receiver 38 may be utilized at the cell-site to obtain
additional diversity modes. This additional data re-
ceiver alone or in combination with additional receivers
can track and receive other possible delay paths of
mobile unit transmitted signals. Optional additional
digital data receivers such as receiver 38 provides addi-
nonal diversity modes which are extremely useful in
those cell-sites which are located in dense urban areas
where many possibilities for multipath signals occur.

Signals from the MTSO.are coupled to the appropri-
ate transmit modulator via digital link $2 under control
of control processor 48. Transmit modulator 54 under
control of control processor 48 spread spectrum modu-
lates the data for transmission to the intended recipient
mobile unit. Further details with respect to the structure
and operation of transmit modulator 54 are discussed
below with reference to FIG. 4.

The output of transmit modulator 54 is provided to
transmit power control circuitry 56 where under the
control of control processor 48 the transmission power
may be controlled. The output of circuitry 56 is pro-
vided to summer 57 where it is summed with the output
of transmit modulator/transmit power control circuits
directed to other mobiles in the cell. The output of
summer 57 is provided to transmit power amplifier
circuitry 58 where output to antenna 60 for radiating 10
mobile units within the cell service area. FIG. 2 further
illustrates pilot/control channel generators and transmit
power control circuitry 66. Circuitry 66 under control
of control processor generates and power controls the
pilot signal, the sync channel. and the paging channel
for coupling to circuitry 58 and output to antenna 60.

A block diagram of an exemplary embodiment of the
cell-site trapsmitter is illustrated in FIG. 4. The trans-
mutter includes a pair of PN sequence generators used in
generating the outer code. These PN generators gener-
ate two different PN sequences, i.e. the PN;and PNp
sequences, as was discussed with reference to FIG. 3.
However. these PN7and PNg sequences are delayed in
time according to the sector or cell address.

In FIG. 4, the transmitter circuitry of F1G. 3 is illus-
trated in further detail with the pilot, sync, paging and
voice channel signais. The transmitter circuitry includes
two PN generators, PN generators 196 and 198, which
generate the PN; and PNg sequences. PN generators
196 and 198 are respoasive 10 an input signal corre-
sponding to a sector or cell address signal from the
control processor 5o as to provide s predetermined time
delay to the PN sequences. These time delayed PN;and
PNgsequences again relate respectively to the In-Phase
(I) and Quadrature (Q) channeis. Although only two
PN generators are illustrated for respectively generat-
ing the PN;and PNg sequences for the corresponding
channels of the cell-site or sectot, it should be under-
stood that many other PN generator schemes may be
implemented. For example, in a unsectorized cell, a pair
of PN generators may be provided for each of the pilot.
sync, paging and voice channels to produce, in synchro-
nization, the PN;and PNg sequences used in the outer
code. Such a case may be advantageous to avoid distrib-
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uting the PNy and PNg sequences throughout a large
aumber of circuits.

In the preferred embodiment, Walsh function encod-
ing of the channel signals is employed as the inner code.
In the exemplary numerology as disclosed herein, a
total of 64 different Walsh sequences are available with
three of these sequences dedicated to the pilot, sync and
paging channel functions. In the sync, paging and voice
channels, input data is convolutionally encoded and
then interleaved as is well known in the art. Further-
more, the convolutional encoded data is also provided
with repetition before interieaving as is also well known
in the art.

The pilot channel contains no data modulation and is
characterized as an unmodulated spread spectrum sig-
nal that all of the users of a particular cell-site or sector
use for acquisition or tracking purposes. Each cell, or if
divided into sectors, each sector has a unique pilot sig-
nal. However, rather than using different PN generators
for the pilot signals, it is realized that a more efficient
way to generate different pilot signals is to use shifts in
the same basic sequence. Utilizing this technique a mo-
bile unit sequentially searches the whole sequence and
tunes to the offset or shift that produces the strongest
correlation. In using this shift of the basic sequence. the
shifts must be such that the pilots in adjacent cells or
sectors must not interfere or cancel.

The pilot sequence must therefore be long enough
that many different sequences can be generated by shifts
in the basic sequence 1o support a large number of pilot
signals in the system. Furthermore. the separation or
shifts must be grest enough to ensure that there is no
interference in pilot signals. Accordingly, in a exem-
plary embodiment of the present invention the pilot
sequence length is chosen 10 be 2!%. The sequence is
generated started by a sequence 2! —| with an extra 0
appended to the sequence when a particular state is
detected. In the exemplary embodiment there are
chosen to be 512 different pilot signals with offsets in
the basic sequence of 64 chips. However, offsets may be
integer muitiples of the 64 chip offset with a corre-
sponding reduction in the number of different pilot
signals.

In generating the pilot signal, the Walsh “zero” (W)
sequence which consists of all zeroes is used 30 as to not
modulate the pilot signal, which in essence is the PN/
and PNpsequences. The Walsh “‘zero” (Wo) sequence is
therefore multiplied by the PN;and PNg sequences in
exclusive-OR gates. The resulting pilot signal thus con-
tasins only the PN; and PNg sequences. With all cell-
sites and sectors having the same PN sequence for the
pilot signal, the distinguishing feature between cell-sites
or sectors of origination of the transmission is the phase
of the sequence.

With respect to the portion of transmit modulator and
power control circuitry 66 for the pilot channel, Walsh
generator (Wo) 200 generates a signal corresponding to
the all 2er0 function as just discussed. The timing in the
genmmnoftheWahhfmonameythe
control processor, as in the case of all Walsh function
generstors in the cell-site and mobile unit. The cutput of
generator 200 is provided as an input to both of exclu-
sive-OR gates 202 and 204. The other input of exclu-
sive-OR gate 202 receives the PN; npll while the
other input of exclusive-OR gate 204 receives the PNg
signal. The PN;and PNosignals are respectively exciu-
sive-OR’ed with the output of generator 200 and re-
spectively provided as inputs to Finite Impuise Re-
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sponse (FIR) filters 206 and 208. The filtered signals
output from FIR filters 206 and 208 provided to a trans-
mit power comtrol circuitry comprised of gain control
elements 210 and 212. The signals provided to gain
control elements 210 and 212 are gain controlled in
response 10 input signals (not shown) from the control
processor. The signais output from gain control ele-
ments,are provided to transmit power amplifier cir-
cuitry 58 whose detailed structure and function is de-
scribed later herein.

The sync channel information is encoded and then
multiplied in exclusive-OR gates by a preassigned
Walsh sequence. In ‘the exemplary embodiment, the
selected Walsh function is the (W33) sequence which
consists of a sequence of 32 “ones” followed by 32
“zeros”. The resuiting sequence is then multiplied by
the PN;and PNg sequences in exclusive-OR gates. In
the exemplary embodiment the sync chamnel data infor-
mation is provided to the transmit modulator typically
at a rate of 1200 bps. In the exemplary embodiment the
svnc channel data is preferably convolutionally en-
coded at a rate r =} with a constraint length K =9, with
each code symbol repeated twice. This encoding rate
and constraint length is common to all encoded forward
link channels, i.e. sync, paging and voice. In an exem-
plary embodiment. a shift register structure is empioyed
for the generators of the code Gi=733 (octal) and
Gy =561 (octal). The symbol rate to the sync channel is
in the exemplary embodiment 4800 sps, i.e. one symbol
is 208 psec or 256 PN chips.

The code symbols are interieaved by means of a con-
volutional interleaver spanning in the exemplary em-
bodiment 40 msec. The tentative parameters of the
interleaver are 1 =16 and J=48. Further details on in-
terleaving is found in Data Communication. Nerworks
and Systems, Howard W. Sams & Co., 1987, pp.
343-332. The effect of the convolutional interleaver is
to disperse unreliable channel symbols such that any
two symbols in a contiguous sequence of 1 -1 or fewer
symbols are separated by at leist J4+ ! symbols in a
deinterieaver output. Equivalently, any two symbols in
a contiguous sequence of J— | symbols are separated by
at least 1+ ! symbols at the deinterleaver output. In
other words, if =16 and J=48, in a string of 15 sym-
bols. the symbols are transmitted separated by 885 usec.
thus providing time diversity.

The sync channel svmbols of a particular cell or sec-
tor are tied to the corresponding pilot signal for that cell
or sector. FIG. § illustrates the timing of two different
pilot channeis (N) and (N + 1) which are separated by a
shift of 84 chips. FIG. § illustrates only by way of exam-
ple a timing diagram for the exemplary pilot and sync
channels with the state of the actual pilot signal chips
and sync channel symbols not illustrated. Each sync
channel starts a new imterleaver cycle with the first
code Symbol (c,) of s code symbol pair (cs, c'x), due to
aooderepatoftwo shifted with respect to absolute
time by an'amount equal to the corresponding pilot.

As iDustrated in FIG. S. The N pilot channel starts a
new interieaver cycle, or pilot sync, at the time t,. Simi-
larly, the N+1 pilot chinnel starts a new interleaver
cycle or pilat sync at the time t, which occurs 64 chip
later in time than time ty. The pilot cycle in the exem-
plary embodiment is 26.67 msec long, which corre-
sponds to 128 sync channel code symbols or 32 sync
channel information bits. The sync channel symbols are
interleaved by s convolutional interleaver which spans
26.67 msec. Thus, when the mobile unit has acquired
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the pilot signal. it has immediate sync channel inter-
leaver synchronization.

The sync channel symbols are covered by the preas-
signed Walsh sequence to provide orthogonality in the
signal. In the sync channel, oné code symboi spans four
cover sequences. i.e. one code symbol to four repet-
tions of the **32 one™-*32 zero™ sequence. as illustrated
in FIG. 6. As illustrated in FIG. 6, a single logical “one”
represents the occurance of 32 “‘one™ Walsh chips while
a single logical “zero” represents the occurance of 32
“zero™ Walsh chips. Orthogonality in the sync channel
is still maintained even though the sync channel sym-
bols are skewed with respect to absolute time depending
upon the associated pilot channel because sync channel
shifts are integer multiples of the Walsh frame.

The sync channel messages in the exemplary embodi-
ment are variable in length. The length of the message
is an integer multiple of 80 msec which corresponds to
3 pilot cycles. Included with the sync channe] informa-
tion bits are cyclic redundancy (CRC) bits for error
detection.

FIG. 7 illustrates in the form of a timing diagram the
overall exemplary system timing. In the period of two
seconds there are 75 pilot cycles. In FI1G. 7, the N pilot
and sync channels correspond to the sector or cell using
the unshifted pilot such that the pilot and sync signals
align exactly with UTC time. As such the pilot sync. i.e.
initial state, aligns exactly with a common | pulse per
second (pps) signal.

In all cases in which a shifted pilot is used, a PN phase
offset corresponding to the pilot shift is introduced. In
other words, pilot sync (initial state) and sync channel
messages are skewed with respect to the 1 pps signals.
The sync messages carries this phase offset information
so that the mobile unit can adjusts its timing accord-
ingly.

As s00n as a sync channel message has been correctly
received, the mobile unit has the ability fo immediately
synchronize to either a paging channel or a voice chan-
nel. At pilot sync, corresponding to the end of each
sync message, a new 40 msec interleaver cycie begins.
At that time, the mobile unit starts deinterieaving the
first code symbol of either a code repetition, or a (cx,
Cx+1) pair, with decoder synchromuuon achieved. The
deinterleaver write address is initialized to O and the
read address is initialized to J, memory deinterleaver
synchronization is achieved.

The sync channel messages carry information regard-
ing the sué of & 42-bit long PN generator for the voice
channel for the communication with the mo-
bile unit. information is used at the mobile unit
digital data receivers to synchronize the corresponding
PN generatons, Foreulllple.mFIG 7 the sync channel
message N+ 1 contains a 42-bit field which is indicative
of the state, state X, that the sector or cell voice channel
wmmgmmmwmmm
predetersiinsd lager time, such as 160 maec later. The
mobile uttit, after succes
message, jonds #8 the ¢&

code with the state X. The mobile unit
long code mmristhmsynchtonmdtopetmt
dmﬂhgofﬂaem:nmded

messages.

With respect to the portion of transmit modulator and
power control circuitry 66 for the sync channel, the
sync channe! infotmation is input from the control pro-
cessor to encodér 214. ’l'hesyncclwmeldaumthe
exemplary embodiment is, as discussed above, convolu-
tional encoded by encoder 214. Encoder 214 further
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provides repetition of the encoded symbols. in the case
of the sync channel the encoded symbols are repeated.
The symbols output from encoder 214 are provided to
interleaver 215 which provides convolutional interieav-
ing of the symbois. The interleaved symbols output
from interieaver 218 are provided as an input 10 exciu-
sive-OR gate 216,

Walsh generator 218 generates a signal correspond-
ing to the Walsh (W32) sequence that is provided as the
other input to exclusive-OR gate 216. The sync channel
symbol stream and the Walsh (W33) sequence are exclu-
sive-OR'ed by exciusive-OR gate 216 with the result
thereof provided as an input to both of exclusive-OR
gates 220 and 222.

The other input of exclusive-OR gate 220 receives the
PN; signal while the other input of exclusive-OR gate
222 receives the PNgsignal. The PN;and PN signals
are respectively exclusive-OR’ed with the output of
exclusive-OR gate 218 and respectively provided as
inputs to Finite Impulse Response (FIR) filters 224 and
226. The filtered signals output from. FIR filters 224 and
226 provided 10 2 transmit power control circuitry
comprised of digital variable gain control elements 228
and 230. The signals provided to gain control elements
228 and 230 are digitally gain controlled in response to
input digital signals (not shown) from the control pro-
cessor. The signals output from gain control elements
228 and 230 are provided to transmit power amplifier
circunry 58.

The paging channel information is also encoded with
repetition. interleaved and then multiplied by a preas-
signed Walsh sequence. The resulting sequence 1s then
multiplied by the PN;and PNgsequences. The data rate
of the paging channel for a particular sector or cell is
indicated in an assigned field in the sync channel mes-
sage. Although the paging channel data rate is variable,
it is in the exemplary embodiment fixed for each system
at one of the following exemplary data rates: 9.6, 4.8, 2.4
and 1.2 kbps.

With respect 10 the transmit modulator and power
control circuitry of the paging channel, the paging
channel information is input from the control processor
to encoder 232. Encoder 232 is in the exemplary em-
bodiment a convolutional encoder that also provides
repetition of the symbols according to the assigned data
rate of the channel. The output of encoder 232 is pro-
vided 10 interieaver 233 where the symbols are convo-
lutional interleaved. The output from interleaver 233 is
provided as an input to exclusive-OR gate 234. Al-
though the paging channel data rate will vary, the code
symbol rate is kept constant at 19.2 ksps by code repeti-
tion.

Walsh generator 236 generates a signal, correspond-
ing to a preassigned Walsh sequence, that is provided as
the other input to exclusive-OR gate 234. The symbol
data and Walsh sequence are exclusive-OR'ed by exclu-
sive-OR gate 234 and provided as an input to both of
exclusive-OR gates 238 and 340.

The other input of exclusive-OR gate 238 receives the
PN, signal while the other input of exclusive-OR gate
240 receives the PNg signal. The PN;and PNg signals
are respectively exclusive-OR'ed with the output of
exclusive-OR gate 234 and respectively provided as
inputs to Finite Impulse Response (FIR) filters 242 and
244. The filtered signals output from FIR filters 242 and
244 are provided to a transmit power control circuitry
comprised of gain control elements 246 and 248. The
signals provided to gain control eiements 246 and 248
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are gain controlled in response to input signals (not
shown) from the control processor. The signals output
from gain control elements are provided 10 transmit
power amplifier circuitry 58.

The data of each voice channel is also encoded with
repetition, interleaved, scrambled, muitiplied by its as-
signed Walsh sequence (W-Wj), and then multiplied by
the PN;and PNgsequences. The Walsh sequence to be
used by a particular channel is assigned by the system
controller at cail setup time in the same manner as chan-
nels are assigned to calls in the analog FM cellular
system. In the exemplary embodiment illustrated heren,
up to 61 different Walsh sequences are available for use
by the voice channels.

In the exemplary embodiment of the present inven-
tion, the voice channel utilizes a variable data rate. The
intent in using a variabie data rate is to lower the daua
rate when there is no voice activity thereby reducing
interference generated by this particular voice channel
to other users. The vocoder envisioned to provide vari-
able rate data is disclosed in copending U.S. patent
application “VARIABLE RATE VOCODER" Ser.
No. 07/713,66), filed June 11, 1991, also assigned to the
assignee of the present invention. Such a vocoder pro-
duces data at four different data rates based on voice
activity on a 20 msec frame basis. Exemplary data rates
are 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps. Although
the dawa rate will vary on a 20 msec basis, the code
symbol rate is kept constant by code repetition at 19.2
ksps. Accordingly, the code symbols are repeated 2, 4
and 8 times for the respective data rates 4.8 kbps, 2.4
kbps and 1.2 kbps.

Since the variable rate scheme is devised to reduce
interference. the code symbols at the lower rates will
have lower energy. For exampie, for the exemplary
data rates of 9.6 kbps, 4.8 kbps. 2.4 kbps and 1.2 kbps.
the code symbol energy (E;) is respectively Ep/2, Ey/4,
Es/8 and Ey/16 where E, is the information bit energy
for the 9.6 kbps transmission rate.

The code symbols are interieaved by a convolutionai
interleaver such that code symbols with different en-
ergy levels will be scrambled by the operation of the
interleaver. In order to keep track of what energy level
a code symbol should have a label is attached to each
symbol specifying its data rate for scaling purposes.
After onthogonal Waish covering and PN spreading,
the quadrature channels are digitally filtered by a Finite
lmpulse Response (FIR) filter. The FIR fliter will re-
ceive a signal corresponding to the symbol energy level
in order 10 accomplish energy scaling according to the
dats rate. The [ and chmneh will be scaled by factors
of: 1, 1/VZ, §, or V2. In one implementation the vo-
coderwouldpmﬂeudmmhbdmmefomoh
2-bit number to the FIR filter for comtrolling the filter
scaling coefficient.

In F1G. 4, the circuitry of two voice chan-
nels, voice channels (i) and (j) are illustrated. The voice
channel (i) dsta is input from an associsted vocoder (not
shown) to transmit modulstor 34 (F1G. 3). Transmit
modulator 54 is comprised of escoder 250;; interieaver
281 exclusive-OR gates 252, 255, 236; and 258; PN
generator 283; and Walsh generator (W) 254;.

The voice channel (i) data is input to encoder 250;
where in the exemplary embodiment it is convolutional
encoded with code symbol repetition according to the
input data rate. The encoded data is then provided to
interieaver 251; where, in the exemplary embodiment, it
is convolutional intericaved. Interieaver 251, aiso re-
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ceives from the vocoder assaciated with the voice chan-
nel (i) a 2-bit data rate label that is interleaved with the
symbol data 10 identify a1 the data rate 1o the FIR fil-
ters. The data rate label is not transmitted. At the mo-
bile unit, the decoder checks for ail possible codes. The
interleaved symbol data is output from interleaver 251,
at an exemplary rate of 19.2 ksps to an input of exclu-
sive-OR gate 282;

In the exemplary embodiment, each voice channel
signal is scrambled to provide greater security in cell-to-
mobile transmissions. Although such scrambling is not
required it does enhance the security in communica-
tions. For example, scrambling of the voice channel
signals may be accomplished by PN coding the voice
channel signals with a PN code determined by the mo-
bile unit address of user ID. Such scrambling may use
the PNy sequence or encryption scheme as discussed
with reference to FIG. 3 with respect 10 the particular
receiver for the mobile-to-cell communications. Ac-
cordingly, a separate PN generator may be impie-
mented for this function as illusirated in FIG. 4. Al-
though scrambling is discussed with reference to a PN
sequence. scrambling may. be accomplished by other
techniques including those well known in the arn.

Referring again to FIG. 4, scrambling of the voice
channel (i) signal may be accomplished by providing
PN generator 253, which receives the assigned mobile
unit address from the control processor. PN generator
283, generates a unique PN code that is provided as the
other input to exclusive-OR gate 252, The output of
exclusive-OR gate 282, is instead provided 10 the one
input of exclusive-OR gate 258;.

Walsh generator (W) 254, generstes. in response to a
function seiect signal and timing signals from the con-
trol processor. a signal corresponding to a preassigned
Waish sequence. The va'ue of the function select signal
may be determined by the address of the mobile unit.
The Walsh sequence signal is provided as the other
input to exclusive-OR gate 288,. The scrambled symbol
data and Walsh sequence are exclusive-OR'ed by exclu:
sive-OR gate 255; with the result provided as an input to
both of exclusive-OR gates 256; and 258;. PN generator
253; slong with all other PN generators and Walsh
generators at the cell-site provide an output at 1.2288
MHaz. Iz should be noted that PN generator 283 includes
a decimator which provides an output at 2 19.2 kHz rate
to exclusive-OR gate 255,

The other input of exciusive-OR gate 256; receives
the PN; signal while the other input of exclusive-OR
gate 35§, receives the PNg signal. The PN;and PNo
signals are respectively exclusive-OR’ed with the out-
put of exclusive-OR gate 252;and respectively provided
as inputs to Finite Impulse Response (FIR) filters 260;
and 262; The input symbols are filtered according to
the input data rate iabel (a0t shown) from convolutional
intetieaver 251, The filiered signals output from FIR
filiers 260; and 242; provided 1o a portion of transmit
power control circuitry 36 comprised of gain control
clements 264, and 266, The signals provided to gain
eontrol elements 264, and 266; are gain controlled in
response o input signals (not shown) from the control
processor. The signais output from gain control ele-

ments are provided to transmit power amplifier cir-
cuitry' 58,
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bile-to-cell signal from a given mobile, generates the
power control information which is inserted in the cell-
to-mobile voice channel addressed 10 that particular
mobile. Further details on the power control festure is
disciosed in the above identified copending application.

Power control bits are inserted at the output of the
convolutional interleaver by means of a technique
called code symbol puncturing. In other words, when-
ever 3 power control bit needs to be transmitted two
code symbois are replaced by two identical code sym-
bolswnhpohﬁtypvenbythepowermml informa-
tion. Moreover, power control bits are transmined at
the energy level corresponding to the 9600 bps bit rate.

An additional constraint imposed on the power con-
trol mfomuonmn!hu the position of the bits
must be randomized among mobile-to-cell channels.
Otherwise the full energy power control bits would
generate spikes of interference at regular intervals, thus
diminishing the detectability of such bits.

F1G. 4 further illustrates voice channel (j) which is
identical in function and structure to that of voice chan-
nel (i). It is contemplated that there exist many more
voice channels (not illustrated) with the total of voice
channe) being up 1o 61 for the illustrated embodiment.

Wuhrespecnochewmhgeaemofﬂc 4,
Walsh functions are a set of binary sequen-
ces that can be easily genemedbymamwemnownm
the ant. The characteristic of interest in the Walsh func-
tion is that each of the 64 sequences is perfectly orthog-
onal to all of the other sequences. As such, any pair of
sequences differ in exactly si many bit positions as they
agree, i.e. 2 over an interval of 64 symbols. Thus when
information is encoded for transmission by the Waish
sequences the receiver will be able to select any one of
the Walsh sequences as s desired “carrier” signal. Any
signal energy entoded onto the other Walsh sequences
will be rejected and not result in mutual interference to
the desired one Walsh sequence.

In the exemplary embodiment for the cell-to-mobile
link, the sync, paging and voice channels as mentioned
previously use convolutional eneodﬁ. of a constraint
length K=9 and code rate r=§, thit is, two encoded
symbols are produced and transmitted for every infor-
mation bit to be transmitted. In addition to the convolu-
tional encoding. convolutional interleaving of symbol
dau is farther employed. It is further epvisioned that
repetmouuahoﬁulmﬂmeonmoummeeonvo-
lutional At the mobile unit the optimum de-
coder for this type of code is the soft decision Viterbi
algorithm decoder. A standard design can be used for

decoding purposes. The resulting decoded information
hnumdtb’mmmmwnmp-
ment.
Rdenhg in to FIQ. 4, circuitry 38 includes series
ofdlpal 10 ssiaibg (D7A) converters for converting the
from the PN7 asid PN spread data
fmhpﬂo&smmwmmmmbg
form. In particular the pilot channe! PNjspread data is
outpst from gain control slement 210 to D/A converter
269. The dmautputhonD/Amva-ter

mpummmm ‘the otitput of the cor-
responding gain coutrol eiements for the sync, paging
and voice chasnels PNy spread data. ie. gain control
clements 228, 346, and 264i-264j, are respectively pro-

In addition 10 voice bits, the forward link voice chan- 6$ wddtoD/Amﬂz. 776 ind 300i~280j where

nel carries power control information. The power con-
trol bit rate is in the exemplary embodiment 800 bps.
The celi-site receiver which is demodulating the mo-

the signals sre digitized and provided to summer 284.
nemqmuddmronhepdm.smmnd
voice channels are output from gain control elements
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221. 230, 248, and 266i-266j, are respectively provided
to D/A converters 270, 274, 278 and 282i-282/ where
the signals are digitized and provided to summer 286.

Summer 284 sums the PN/ spread data for the pilot,
sync, paging and voice channels and while summer 286
sums the and PNg spread data for the same channels.
The summed I and Q channel data is respectively input
along with local oscillator (LO) frequency signals Sin
(27ft) and Cos (27ft) to mixers 288 and 290 where they
are mixed and provided to summer 292. The LO fre-
quency signals Sin (27ft) and Cos (2wft) are provided
from suitable frequency sources (not shown). These
mixed IF signals are summed in summer 292 and pro-
vided to mixer 294.

Mixer 294 mixes the summed signal with an RF fre-
quency signal provided by frequency synthesizer 296 so
s to provide frequency upconversion to the RF fre-
quency band. The RF signal output from mixer 294 is
bandpass fiitered by bandpass filter 298 and output to
RF amplifier 299. Amplifier 299 amplifies the band
limited signal in accordance with the input gain control
signal from the transmit power control circuitry 56
(FIG. 3). It should be understood that the embodiment
illustrated for transmit power amplifier circuitry 58 is
merely for purposes of illustration with many variations
in signal summing, mixing, filtering and amplificanon
possible as is well known in the art.

Cell-site control processor 48 (F1G. 3) has the re-
sponsibility for assignment of digital data receivers and
transmit modulators to a particular call. Control proces-
sor 48 also monitors the progress of the call, quality of
the signals and initistes teardown on loss of signal. The
cell-site communicates with the MTSO via link 52
where it is coupled by a standard telephone wire, opti-
cal fiber, or microwave link.

FIG. 8 illustrates in block diagram “orm the equip-
ment utilized in the MTSO. The MTSO typically in-
cludes a system controller or control processor 300,
digital switch 302, diversity combiner 304, digital vo-
coder 306 and digital switch 308. Although not illus-
trated additional diversity combiners and digital vocod-
ers are coupled between digital switches 302 and 308.

When the cell-diversity mode is active, the call is
processed by two cell-sites. Accordingly, signals will
arrive at the MTSO from more than one cell-site with
nominally the same information. However, because of
fading and -interference on the inbound or reverse link
from the mobile unit to the cell-sites. the signal from one
cell-site may be of better quality than the signal from the
other cell-site. :

Digital switch 302 is used in routing the information
stream corresponding to a given mobile unit from one
or more cell-sites to diversity combiner 304 or the cor-
responding diversity combiner as determined by a sig-
nal from system control processor 300. When the sys-
tem is not in the cell diversity mode, diversity combiner
304 may be either bypassed or fed the same information
on each input port.

A multiplicity of serial coupled diversity combiners
and vocoder are provided in parallel, nominally one for
each call to be processed. Diversity combiner 304 com-
pares the signal quality indicators accompanying the
information bits from the two or more cell-site signals.
Diversity combiner 304 selects the bits corresponding
to the highest quality cell-site on a frame-by-frame basis
of the information for output to vocoder 306.

Vocoder 306 converts the format of the digitized
voice signal to standard 64 Kbps PCM telephone for-
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mat. analog, or any other standard format. The resuluant
signals is transmitted from vocoder 306 to digital switch
308. Under the control of system control processor 300,
the call is routed 1o the PSTN.

Voice signals coming from the PSTN intended for
the mobile units, are provided to digital switch 308 for
coupling to an appropriate digital vocoder such as vo-
coder 306 under control of system control processor
300. Vocoder 306 encodes the input digitized voice
signals and provides the resulting information bit stream
directly to digital switch 302. Digital switch 302 under
system control processor control direct the encoded
data to the cell-site or cell-sites to which the mobile unit
is communicating. Although discussed previously that
information transmitted to the MTSO anslog voice, it is
further envisioned that digital information may also be
communicated in the system. To ensure compatibility
with the system, care must be taken in proper framing of
the data.

If the mobile unit is in a handoff mode communicat-
ing to multiple cell-sites or in a cell diversity mode,
digital switch 302 routes the calls to the appropriate
cell-sites for transmission by the appropriate cell-site
transmitter to the intended recipient mobile unit. How-
ever, if the mobile unit is communicating with only a
single cell-site or not in a cell diversity mode. the signal
is directed only to a single cell-site.

System control processor 300 provides control over
digital switches 302 and 306 for routing data to and
from the MTSO. System control processor 300 also
determines the assignment of cails to the cell-sites and to
the vocoders at the MTSO. Furthermore, system con-
trol processor 300 communicates with each cell-site
control processor sbout the assignment of particular
calls between the MTSO and celi-site, and the assign-
ment of PN codes for the calls. It should be further
understood that as illustrated in FI1G. 8 digital switches
302 and 306 are illustrated as two separate switches,
however, this function may be performed by a singie
physical switching unit.

When the cell-diversity mode is in use, the mobile
unit will use the searcher receiver to identify and ac-
quire the strongest multipath signal from each of the
two cell-sites. The digital data receivers will be con-
trolled by the searcher receiver and the control proces-
sor so as to demodulate the strongest signals. When the
number of receivers is less than the number of cell-sites
transmitting information in parallel, a switching diver-
sity capability is possible. For exampie, with only a
single data receiver and with two cell-sites transmitting,
the searcher will monitor the pilots from both celi-sites
and choose the strongest signal for the receiver 1o de-
modulate. In this embodiment the choice can be made as
frequently as every vocoder frame, or sbout every 20
msec.

The system control processor has respoasibility for
sssignment of digital data receivers aad modulators at
the cell-site to handle particular calls. Thus in the ceil-
to-mobile link, the systemm countrol processor controls
the assignment of Walsh sequences used at the cell-site
in transmission of s particular call to the mobile unit. In
addition the system control processor controls the re-
ceiver Walsh sequences and PN codes. In the mobile-to-
cell link, the system control processor also controls the
mobile unit user PN codes for the call. Assignment
information is therefore transmitted from the MTSO to
the cell-site and from there to the cell to the mobile. The
system control processor also monitors the progress of
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the call. the quality of signals, and initiates tear down on
loss of signal.

MOBILE-TO CELL LINK

In the mobile-to-cell link, the channel characteristics
dictate that the modulation technique be modified. In
particular, the use of a pilot carrier as is used in the
cell-<to-mobile link is no longer feasible. The pilot car-
rier must be more powerful than a voice carrier in order
to provide a good phase reference for data modulation.
With the cellsite transmitting many simultaneous voice
carriers, a singile pilot signal can be shared by all the
voice carriess. Therefore, the pilot signal power per
voice carrier is guite small.

In the mobile-to-cell link, however, there is usually
only a singie voice carrier per mobile. If a pilot were
used, it would require sigmificantly more power than
the voice carrier. This situation is clearly not desirable
since overall sysstem capacity would be greatly reduced
due to the interference caused by the presence of a
larger number of high power pilot signals. Therefore. a
modulauon capable of efficient demodulation without a
pilot signal-must be used.

With the mobile-to-cell channel corrupted by Ray-
leigh fading. resulting in a rapidly varying channel
phase. coherent demodulator techniques, such as a Cos-
tas loop which derives phase from the received signal.
are not feasible. Other techniques such as differentially
coherent PSK can be employed but fail to provide the
desired level of signal-to-noise ratio performance.

Thus, a form of orthogonal signaling such as binary,
quaternary or m-ary signalling should be employed. In
the exempiary embodiment. a 64-ary orthogonal signal-
ing technique is employed using Walish functions. The
demodulator for m-ary orthogonal signaling requires
channei coherence only over the duration of transmis-
sion of the m-ary symbol. In the exemplary embodi-
ment. this is oniy two bit times.

The message encoding and modulation process be-
gins ‘with a convolutionat encoder of constraint length
K =9 and code rate r=4§. At a nominal data rate of 9600
bits per. second, the encoder produces 28800 binary
symbols per second. These are grouped into characters
containing ‘6 symbols each st a rate of 4800 characters
. per second with there being 64 possible characters.
Each charscteriis encoded iato s length 64 Walsh se-
quence containing 64 binary bits or “chips.” The 64-ary
Walsh chip eate is 307,200 chips per second in the exem-
plary embodiment.

The Walsh chips are then “‘covered” or multiplied by
a PN sequence running at the rate of 1.2288 MHz. Each
mobile unit is assigned a unique PN sequence for this
purpose. This PN sequence can either be assigned only
for the duration of the call or assigned permanently to
the:mobile unit. The assignad PN sequence is referred to
herein as the user PN sequence. The user PN sequence
generator runs at a clock rate of 1.2288 MHz and so as
to produce four PN chips for every Walsh chip.

Finally, a pair of short, length 32768, PN sequences
mwpauaed. In the exemplary embodiment, the same

are used a8 for the celi-to-mobile link. The
user PN sequence covered Walsh chip sequence is then
covered or multiplied by each of the two short PN
sequences. The two resulting sequences then bi-phase
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into a single signal. The resulting signai is then bandpass
filtered. transiated to the final RF frequency, amplified,
filtered and radiated by the antenna of the mobile unit.
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As was dis. ussed with reference to the cell-to-mobile
signal, the ¢ -3ering of the filtering, amplification, trans-
lation and modulation operations may be interchanged.

In an alternative embodiment. two different phases of
the user PN code might be produced and used to modu-
late the two carrier phases of the quadraphase wave-
form. dispensing with the need for using the length
32768 sequences. In yet another aiternative, the mobile-
to-cell link might utilize only bi-phase modulation, aiso
dispensing with the need for the short sequences.

The. cell-site receiver for each signal produces the
short PN sequences and the user PN sequence for each
active mobile signal being received. The receiver corre-
lates the received signal energy with each of the coded
waveforms in separate corvelators. Each of the correla-
tor outputs is then separately processed to demodulate
the 64-ary encoding and the convolutional coding using
a Fast Hadamard Transform processor and a Viterbi
algonithm decoder.

In another alternative modulation scheme for the
mobile-to-cell link, the same modulation scheme would
be used as for the cell-to-mobile link. Each mobile
would utilize the pair of 32768 length sector codes as
outer codes. The inner code would utilize a length 64
Walsh sequence that is assigned to the mobile for use
while it is in that sector. Nominally, the same Walsh
sequence would be assigned to the mobile for the mo-
bile-to-ceil link as is used for the cell-to-mobile link.

The above orthogonal PN coding scheme limits the
available bandwidth spreading that can be used by the
modulation system to 8 maximum rate of the chip rate
divided by 64, or 19200 Hz for the numbers used in the
exemplary embodiment. This would preclude the use of
m-ary encoding with large m as described for the exem-
plary embodiment. As an alternative. however, a rate
r= 4§, consiraint length K =9 convolutional code could
be used with differential binary phase shift keying mod-
uiation of the encoded binary symbois. The demoduia-
tor in the cell-site could build up a phase reference over
a short interval using the technique described in the
article “NonlinswwResinission-of RS¥-Medulated Car-
rier with Application to Burst Digital Transmission™.
Andrew J. Viterbi and Audrey M. Viterbi, IEEE
Transactions On Information Theory, Vai IT-29, No 4.
July 1983. For exampie. a phase reference could be
averaged over only 4 symbols requiring no more chan-
nel coherence than the above 64-ary scheme.

The performance of the just described alternative
scheme, however, will be inferior to the preferred em-
bodiment in lhemeofnverehylugh fading and
multipath conditions. However, in certain environ-
ments where fading and muitipeth are less severe, for
example. the satellite-mobile channel and in certain
land-mobile channals, the performance of the alterna-
tive system could be better than the preferred embodi-
ment. This can ocour becanse the gain from making the
mobile signals orthogonal to each other may exceed the
loss 1n detection efficiency of the DPSK scheme.

In order to satisfy the requirement for time slignment
in orthogonal Walsh fusctions for the alternative mo-
bile-to-cell link, each cell receiver determines the time
error from nominal timing of each received signal. If a
given received signal lags in timing, then the associated
cell modulator and transmitter will transmit a small
increment. Conversely, if the received signal timing of a
mobile Jeads the nominal timing, a8 command to retard
by a small increment is transmitted to the mobile. The
timing adjustment increments are made on the order of
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# PN chip or 101.7 nanoseconds. The commands are
transmitted at a relatively low rate. on the order of 10 to
50 Hz and consist of a single bit inserted into the digital
voice data flow.

During a soft handoff operation, the mobile unit will
be receiving signals from two or more ceils. Because the
mobile unit can only align its timing in response to one
of cells’ timing adjust commands. the mobile unit will
normally move its timing in response to the commands
received from the strongest cell being received. The
mobile unit transmitied signal will thus be in time align-
ment with the cell with which it has the best path. Oth-
erwise greater mutual interference to other users will
resuit.

If each cell receiver receiving a mobile signal per-
forms the above time error measurement and correction
transmission operation, then all the mobiles’ received
signals will normally be received with approximately
the same timing, resulting in reduced interference.

FIG. 9 illustrates in block diagram form an exemplary
mobile unit CDMA telephone set. The mobile unit
CDMA telephone set includes an antenna 430 which is
coupled through diplexer 432 1o analog receiver 344
and transmit. power amplifier 436. Antenna 430 and
diplexer 432 are of standard design and permit simulta-
neous transmission and reception through a single an-
tenna. Antenna 430 collects transmitted signals and
provides them through dipiexer 432 to analog receiver
434. Receiver 434 receives the RF frequency signais
from diplexer 432 which are typically in the 850 MHz
frequency band for amplification and frequency down-
conversion to an IF frequency. This transiation process
is accomplished using a frequency synthesizer of stan-
dard design which permits the receiver to be tuned to
any of the frequencies within the receive frequency
band of the overall cellular telephone frequency band.
The signals are also filtered and digitized for providing
to digital data receivers 540 and 542 along with searcher
receiver 544.

The details of receiver 434 are further illustrated in
FIG. 10. Received signals from antenna 430 are pro-
vided to downconverter 500 which is comprised of RF
amplifier 502 and mixer 504. The received signais are
provided as an input to RF amplifier 502 where they are
amplified and output as an input to mixer 504. Mixer 504
is provided with another input, that being the signal
output from frequency synthesizer 506. The amplified
RF signais are translated in mixer 504 to an IF fre-
quency by mixing with the frequency synthesizer out-
put signal.

The IF signals are output from mixer 504 (0 bandpass
fiher (BPF) 508, typically a Surface Acoustic Wave
(SAW) filter having a passband of approximately 1.25
MHz, where they are from bandpass filtered. The char-
acteristics of the SAW filter are chosen to match the
waveform of the signal transmitted by the cell-site. The
cell-site transmitted signal is a direct sequence spread
spectrum signal that is modulated by a PN sequence
clocked at a predetetmined rate, which in the exem-
plary embodiment is 1.2288 MHz. This clock rate is
chosen to be an integer multiple of the baseband data
rate of 9.6 kbps.

The filtered signals are output from BPF 508 as an
input to a variable gain IF amplifier 510 where the
signals are again amplified. The smplified IF signals are
output from IF amplifier 510 to analog to digital (A/D)
converter 512 where the signals are digitized. The con-
version of the IF signal to a digital signal occurs at a
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9.8304 MHz clock rate in the exemplary embodiment
which is exactly eight times the PN chip rate. Although
(A/D) converter 812 is illustrated as part of receiver
§34. it could instead be a part of the data and searcher
receivers. The digitized IF signals are are output from
(A /D) converter 512 to data receivers 440 and 442, and
searcher receiver 444,

Receiver 434 also performs a power control function
for sdjusting the transmit power of the mobile unit. An
sutomatic gain control (AGC) circuit $14 is also cou-
pled to the output of IF amplifier 510. In response to the
level of the ampilified IF signal, AGC circuit 514 pro-
vides a feedback signal to the gain control input of IF
amplifier 510. Receiver 434 also uses AGC circuit 514
to generate an analog power control signal that is pro-
vided to transmit power contral circuitry 438.

In FIG. 9, the digitized signal output from receiver
434 is provided to digital data receivers 440 and 442 and
to searcher receiver 444. It should be understood that
an inexpensive, low performance mobile unit might
have only a single data receiver while higher perfor-
mance units may have two or more to allow diversity
reception.

The digitized IF signal may contain the signals of
many on-going calls together with the pilot carriers
transmitted by the current cell-site and all neighboring
cell-sites. The function of the receivers 440 and 442 are
to correlate the IF samples with the proper PN se-
quence. This correlation process provides a property
that is well-known in the art as *‘processing gain™ which
enhances the signal-to-interference ratio of a signal
matching the proper PN sequence while not enhancing
other signals. Correlation output is then synchronously
detected using the pilot carrier from the closest cell-site
as a carrier phase reference. The result of this detection
process is a sequence of encoded data symbols.

A property of the PN sequence as used in the present
invention is that discrimination is provided against mul-
tipath signals. When the signal arrives at the mobile
receiver after passing through more than one path,
there will be a difference in the reception time of the
signal. This reception time difference corresponds to
the difference in distance divided by the velocity of
propagation. If this time difference exceeds one micro-
second, then the correlation process will discriminate
between the paths. The receiver can choose whether to
track and receive the earlier or later path. If two receiv-
ers are provided, such as receivers 440 and 442, then
two independent paths can be tracked and processed in
parallel.

Searcher receiver 444, usder control of control pro-
cessor 446 is for continuously scanning the time domain
around the nominal time of a received pilot signal of the
cell-site for other muiti-path pilot signals from the same
cell-site and for other cell-site transmitted pilot signals.
Receiver 444 will measure the streagth of any reception
of a desired waveform at times other than the nominal
time. Receiver 444 compares signal strength in the re-
ceived signals. Receiver 444 provides a signal strength
signal to control processor 446 indicative of the stron-
gest signals.

Processar 446 provides control signals to data receiv-
ers 440 and 442 for sach to process a different one of the
strongest signals. On occasion another cell-site transmit-
ted pilot signal is of grester signal strength than the
current cell-site signal strength. Control processor 446
then would generate a control message for transmission
to the system controiler via the current cell-site request-
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ing a iransfer of the cell to the cell-site corresponding to
the strongest pilot signal. Receivers 440 and 442 may
therefore handle calls through two different cell-sites.

During a soft handoff operation, the mobile unit will
be receiving signalis from two or more cells. Because the
mobile unit can only align its timing in response to one
of cells’ timing adjust commands, the mobile unit will
normally move its timing in response 10 the commands
received from the strongest cell being received. The
mobile unit transmitted signal will thus be in time align-
ment with the cell with which it has the best path. Oth-
erwise greater mutual interference to other users will
result.

Further details of an exemplary receiver, such as data
receiver 440 is illustrated in further detsil in FIG. 10.
Data receiver 440 includes PN generators 516 and 518
which generate the PNjand PNgsequences in a manner
and corresponding to those generated by the cell-site.
Timing and sequence control signals are provided to
PN generators 516 and 518 from control processor 446.
Data receiver 440 also includes Walsh generator 520
which provides the appropriste Walsh function for
communication with this mobile unit by the cell-site.
Walsh generator 520 generates, in response to timing
signals (not shown) and a function select signal from the
control processor, a signal corresponding to an assigned
Walsh sequence. The function select signal transmitted
to the mobile unit by the cellsite as part of the call set
up message. The PN; and PNg sequences output from
PN generators 516 and 518 are respectively input to
exclusive-OR gates 522 and 824. Walsh generator 520
provides its output to both of exclusive-OR gates 522
and 524 where the signals are exclusive-OR’'ed and
output the sequences PN/ and PNg'.

The sequences PN/ and PNg' are provided to re-
ceiver 440 where they are input 1o PN QPSK correlator
$26. PN correlator 526 may be constructed in a manner
similar to the PN correlator of the cell-site digital re-
ceivers. PN correlator 526 correiates the received I and
Q channei data with the PN/ and PNg' sequences and
provides correiated [ and Q channel data output to
corresponiding accumulators 5328 and $30. Accumula-

" tors 528 and 530 sccumulate the input information over
a period of one symbol or 64 chips. The accumulator
outputs are provided to phase rotator §32 which also
receives a pilot phase signal from control processor 446.
The phase of the received symbol data is rouated in
accordance with the phase of the pilot signal as deter-
mined by the searcher receiver and the control proces-
sor. The output from phase rotator 332 is the I channel
data which is provided to the deinterleaver and decoder
circuitry.

Control processor 446 also inclades PN generator
534 which generates the user PN sequence in response
tominputmoweumm«umm The PN
sequence ontput from PN getierator 834 is provided to
diversity combiner and decoder circuitry. Since the
cefl-to-mobile signal is scrambled with the mobile user
address PN sequence, the output from PN generator
834 is used in descrambling the cell-site transmitted
signal intended for this mobile user similar to that as in
the cell-site receiver. PN generator 534 specifically
provides the output PN sequence to the deinterieaver
and decoder circuity where it is used to descramble the
scrambied user data. Although scrambling is discussed
with reference to a PN sequence, it is envisioned that
other scrambling techniques including those well
known in the art may be utilized.
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The outputs of receivers 440 and 442 are thus pro-
vided to diversity combiner and decoder circuitry 448.
The diversity combiner circuitry contained within cir-
cuitry 448 simply adjusts the timing of the two streams
of received symbois into alignment and sdds them to-
gether. This sddition process may be proceeded by
muitiplying the two streams by a nuinber corresponding
to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity
combiner. The resuiting combined signal stream is then
decoded using a forward error detection (FEC) de-
coder also contained within circuitry 448. The usual
digital baseband equipment is a digital vocoder system.
The COMA system is designed 10 accommodate a vari-
ety of different vocoder designs.

Bassband circuitry 430 typically includes a digital
vocoder (not shown) which may be a variable rate type
as disclosed in the previously mentioned copending
patent application. Baseband circuitry 450 further
serves as an interface with a handset or any other type
of peripheral device. Baseband circuitry 450 accommo-
dates a variety of different vocoder designs. Baseband
circuitry 480 provides output information signals to the
user in accordance with the information provided
thereto from circuitry 448.

In the mobile-to-cell link, user anslog voice signals
are typically provided through a handset as an input to
baseband circuitry 450. Baseband circuitry 450 includes
an analog to digital (A/D) converter (not shown)
which converts the aaslog signal to digital form. The
digital signal is provided to the digital vocoder where it
is encoded. The vocoder output is provided to a for-
ward error correction (FEC) encoding circuit (not
shown) for error correction. In the exemplary embodi-
ment the error correction encoding implemented is of a
convolutional encoding s:heme. The digitized encoded
signal is output from baseband circuitry 450 to transmit
modulator 452.

Transmit modulator 482 first Walsh encodes the
transmit dats and then modulates the encoded signal on
a PN carrier signal whose PN sequence is chosen ac-
cofdigto the assigned address function for the call.

sequence is determined by conmtrol processor
446 from call setup information that is transmitted by
the cell-site and decoded by receivers 440 and 442 and
control processor #46. In the alternstive, control pro-
cessor 446 msy determine the PN sequence through
prearrangement with the cell-site. Control processor
446 provides the PN sequence information to transmit
modulstor 432 and 10 receivers 440 and 442 for call

decoding.

The output of transmit modulator 452 is provided to
transmit power coatrol circuitry 438. Signal transmis-
sion power is comtrolied by the analog power control
signal provided from receiver 434. Control bits trans-
mined by the cell-sites in the form power adjustment
command are préicetsed by data receivers 440 and 442.
The power adjustment command is wed by control
processor 446 in setting the power level in mobile unit
transnwission. In respomse t0- this cossmand, control
processor 446 generstes a digital power: costrol signal
that is provided w circuitry 438. Furtherinformation on
the relationship of receivers 440 and 442, control pro-
cessor 446 and transmit power control 438 with respect
to power control is further described in the above-men-
tioned copending patent application.

Transmit power control circuitry 438 outputs the
power controlled modulated signal to transmit power
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amplifier circuitry 436. Circuitry 436 amplifies and con-
verts the IF signal to an RF frequency by mixing with
a frequency synthesizer output signal which tunes the
signal to the proper output frequency. Circuitry 436
includes an amplifier which amplifies the power t0 a
final output level. The intended transmission signal is
output from circuitry 436 to diplexer 432. Diplexer 432
couples the signal to antenna 340 for transmission to the
cell-sites.

Control processor 446 also is capable of generating
control messages such as cell-diversity mode requests
and cell-site communication termination commands.
These commands are provided to transmit modulator
452 for transmission. Control processor 446 is respon-
sive to the data received from data receivers 440 and
442, and search receiver 444 for making decisions rela-
tive to handoff and diversity combining.

With respect to transmission by the mobile unit, the
mobile user analog voice signal is first passed through a
digital vocoder. vocoder output is then. in se-
quence, convolutional forward error correction (FEC)
encoded. 64-ary orthogonal sequence encoded and
modulated on a PN carrier signal. The 64-ary orthogo-
nal sequence is generated by a Walsh function encoder.
The encoder is controlled by collecting six successive
binary symbol outputs from the convolutional FEC
encoder. The six binary collectively determine which of
the 64 possible Walsh sequences will be transmtied.
The Walsh sequence is 64 bits long. Thus. the Waish
“chip” rate must be 9600 * 3 * (1/6) * 64=307200 Hz
for a 9600 bps data transmission rate.

In the mobile-to-cell link. a common short PN se-
quence is used for all voice carriers in the system, while
user address encoding is done using the user PN se-
quence generstor. The user PN sequence is uniquely
assigned to the mobile for at least the duration of the
call. The user PN sequence is exclusive-OR’ed with the
common PN sequences. which are length 32768 aug-
mented maximal-length linear shift register sequences.
The resulting binary signals then each bi-phase modu-
late a quadrature carrier. are summed to form a compos-
ite signal, are bandpass filtered, and transiated to an IF
frequency output. In the exempiary embodiment. a
portion of the filtering process is actually carried out by
a finite impulse response (FIR) digital filter operating
on the binary sequence output.

The modulator output is then power controlled by
signals from the digital control processor and the analog
receiver, converted to the RF frequency of operation
by mixing with a frequency synthesizer which tunes the
signal to proper output frequency, and then amplified to
the final output level. The transmit signal is then passed
on to the dipiexer and the antenna.

FIG. 11 illustrates a preferred, but yet exemplary,
embodiment of mobile unit transmit modulator 452.
Data is provided in digital form from the user digital
bmhndmmuymmoderﬁﬂwhmmtheeum

plary embodiment is convolutionally eacoded. The
output of encoder 600 is provided to interieaver 602
which in the exemplary embodiment is a block inter-
leaver. The interieaved symbols are output from block
interleaver 602 to Walsh encoder 604 of transmit modu-
lator 452. Walsh encoder 604 utilizes the input symbols
to generate a code sequence output. The Waish se-
quence is provided to one input of exclusive-OR gate

Transmit modulator 452 further includes PN genera-
tor 608 which receives the mobile unit address as an
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input in determining the output PN sequence. PN gen-
erator 608 generates the user specific 42-bit sequence as
was discussed with reference to FIGS. 3 and 4. A fur-
ther attribute of PN generator 608 that is common to all
user PN generators and not previously discussed is the
use of a masking technique in generating the output user
PN sequence. For example, a 42-bit mask is provided
for that user with each bit of the 42-bit mask exclusive-
OR'ed with a bit output from each register of the series
of shift register that form the PN generator. The results
of the mask and shift register bit exclusive-OR opera-
tion are then exclusive-ORed together to form the PN
generator output that is used as the user PN sequence.
The output PN sequence of PN generator 608, the se-
quence PNy, is input to exclusive-OR gate 606. The
Walsh symbol data and the PNysequence are exclusive-
OR'ed in exclusive-OR gate 606 and provided as in
input 1o both of exclusive-OR gates 610 and 612.

Transmit modulator 452 further includes PN genera-
tors 614 and 616 which respemvely generate PN;yand
PNg sequences. All mobile units use the same PNyand
PNg sequences. These PN sequences are in the exem-
plary embodiment the zero-shift used in the cell-to-
mobile communications. The other input of exclusive-
OR gates 610 and 612 are respectively provided with
the PN;and PNgsequences output from PN generators
614 and 616. The sequences PN;yand PNgare exclusive-
OR’ed in the respective exclusive-OR gates with the
output provided to transmit power control 438 (FIG.
9).

In the exemplary embodiment, the mobile-to-cell link
uses rate r=} convolutional code with constraint length
K=9. The generators for the code are Gy =557 (octal),
G2=663 (octal), and Ga=711 (octal). Similar to the
cell-to-mobile link, code repetition is used to accommo-
date the four different data rates that the vocoder pro-
duces on a 20 msec frame basis. ‘Unlike the cell-to-
mobile link, the repeated code symbols are not transmit-
ted over the air at lower energy levels, rather only one
code symbol of a repetition group is transmitted at the
nominal power level. In conclusion, the code repetition
in the exemplary embodiment is used merely as an expe-
dient to fit the variable data rate scheme in the inter-
leaving and modulation structure as it will be shown in
the following paragraphs.

A block interieaver spanning 20 msec, exactly one
vocoder frame, is used in the mobile-to-cell link. The
number of code symbols in 20 msec, assuming a data
rate of 9600 bps and a code rate r=§, is 576. The N and
B parameters, N is equal to the number of rows and B to
the number of columns of the interieaver array are 32
and 18, respectively. The code symbols are written into
the interieaver memory array by rows and read out by
columns.

The modulation format is 64-ary orthogonal signal-
ling. In other words, interieaved code symbols are
grouped into groups of six to select one out of 64 or-
thogonal waveforms. The 64 time orthogonal wave-
forms are the same Walsh functions used as cover se-
quences in the cell-to-mobile link.

The data modulation time interval is equal to 208.33
psec, and is referred 10 as a Walsh symbol interval. At
9600 bps, 208.33 usec corresponds to 2 information bits
and equivalently to 6 code symbols at a code symbol
rate equal to 28,800 sps. The Walsh symbol interval is
subdivided into 64 equal length time intervals, referred
to as Walsh chips, each lasting 208.33/64=3.25 usec.
The Walsh chip rate is then 1/3.25 usec=307.2 kHz
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Since the PN spreading rate is symniétric in the two
links. i.e. 1.2288 MHz. there are exactly 4 PN chips per
Walsh chip.

A total of three PN generators are used in the mobile-
to-cell link path. The user specific 42-bit PN generator
and the pair of 15-bit 1 and Q channel PN generators.
Followmg the uset speciﬁc spreading operation, the
signal is QPSK spread as it was done in the cell-to-
mobile link. Unlike the cell-to-mobile link, where each
sector or cell was identified by unique sequences of
length 215, here all mobile units use the same I and Q PN
sequences. These PN sequences are the zero-shift se-
quences used in the cell-to-mobile link, also referred to
as the pilot sequences.

Code repetition and energy scaling are used in the
cell-to-mobile link to accommodate the variable rates
produced by the vocoder. The mobile-to-cell link uses a
different scheme based on a buirst transmission.

The vocoder produces four different data rates, i.e.
9600, 4800, 2400, and 1200 bps, on a 20 msec {rame basis
as in the cell-to-mobile link. The information bits are
encoded by the rate r=4 convolutional encoder and
code symbols are repeated 2, 4, and 8 times at the three
lower data rates. Thus, the code symbol rate is kept
constant at 28,800 sps. Following the encoder, the code
symbols are interleaved by the block interleaver which
spans exactly one vocoder frame or 20 msec. A total of
576 code symbols are generated every 20 msec by the
convolutional encoder, some of which might be re-
peated symbols.

The code symbols sequence as it is transmitted is
shown in F1G. 12. Notice that a vocoder frame, 20
msec, has been subdivided into 16 siots each lasting 1.25
msec. The numerology of the mobile-to-ceil link is such
that in each slot there are 36 code symbols at the 28,800
sps rate or equivalently 6 Walsh symbols at the 4800 sps
rate. At the § rate, i.e. 4800 bps, the slots are grouped
into 8 groups each comprising 2 slots. At the { rate, i.e.
2400 bps. the siots are grouped into 4 groups each com-
prising 4 slots, and finally at the { rate, i.e. 1200 bps, the
slots are grouped into 2 groups each comprising 8 siots.

An exemplary symbol burst transmission pattern is
further illustrated in F1G. 12. For exampie, at the § rate,
i.e. 2400 bps. during the fourth slot of the first group the
fourth and eighth row of the interleaver memory array
are read out by columns and sequentially transmitted.
The slot position for the transmitted data must be ran-
domized in order to reduce the interference.

The mobile-to-cell link timing is illustrated in FI1G.
13. FIG. 13 expands upon the timing diagram of FI1G. 7
to include the mobile-to-cell channels, i.e. voice and
access. The synchronization of the mobile-to-cell link
comprises the following steps:

1. Decode successfully a sync message, i.e. CRC
check;

2. Load long PN shift register with siate received in
the sync message; and

3. Compensate for pilot code phase offset if receiving
from a sector which uses a shifted pilot.

At this point the mobile has complete synchroniza-
tion, i.e. PN syachronization and real time synchroniza-
tion. and can begin to transmit on either the access
chaanel or voice channel.

The mobile unit in order to originate 2 call must be
provided with signaling attributes in order to compliete
a call to another system user via a cell-site. In the mo-
bile-to-cell link the envisioned access technique is the
slotted ALOHA. An exemplary transmission bit rate on
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the reverse channel is 4800 bps. An access channel
packet comprises of a preamble followed by the infor-
mation.

The preamble length is in the exemplary embodiment
an integer multiple of 20 msec frames and is a sector/-
cell parameter which the mobile receives in one of the
paging channel messages. Since the ceil receivers use
the preambles to resolve propagation delays this scheme
allows the preamble length to vary based on the cell
radius. The users PN code for the access channel is
either prearranged or transmitted to the mobile units on
the paging channel.

The maddulation is fixed and constant for the duration
of the preamble. The orthogonal waveform used in the
preamble is W, i.e. the all zero Walsh function. Notice
that an all zero pattern at the input of the convolutional
encoder generates the desired waveform Wo.

An access channel data packet may consist of one or
at most two 20 msec frames. The codmg, interieaving,
and modulation of the access channel is exactly the
same as for a voice channel at the 9600 bps rate. In an
exemplary embodiment, the sector/cel]l requires the
mobile units to transmit a 40 msec preamble and the
access channel message type requires one data frame.
Let Np the number of preamble frames where k is the
number of 20 msec elapsed from a predefined time ori-
gin. Then mobiles are allowed to initiste transmission
on the access channel only when the equation: (k,
Np+2)=0 is true.

With respect to other communications applications it
may be desirable to rearrange the various elements of
the error correction coding, the orthogonal sequence
coding and the PN coding to better fit the application.

For exsmple, in satellite mobile communications
where the signals are relayed between large Hub earth
stations and the mobile terminals by one or more earth
orbiting satellites, it may be desirable t0 employ coher-
ent modulation and demodulation techmques in both
directions of the link because the channel is much more
phase coherent than the terrestrial mobile channel. In
such an application, the mobile moddistor would not
utilize m-ary encoding as described above. Instead.
bi-phase or four-phase modulation of forward error
correction symbols might be employed with conven-
tional coherent demodulation with catrier phase ex-
tracted from the received signal using Costas loop tech-
niques. In addition, the orthogonal Walsh function
channelization such as herein described for the ceil-to-
mobllelmkmybe loyed. As long as the channel
phase remasins y coberent, this modulation and
demodulation system provides operation with lower
Eb/No than m-ary orthogonal signaling resulting in

}ughersymmup.d

In another it may be preferabie to en-
codelhespowhwwefbmdnuly the RF wave-
form instesd of utilizing a vocoder and techniques.
While the use of 3 vocoder and FEC ‘tschniques result

mveryh.hlmkpotfctmmthe g of imple-
mnl mébnnndm

and cost afe inponun In
customary d:cjul ephone transmission practice, the
speech waveform is represented in a digital format as 8
bit speech sampies at a sample rate of 8 kHz. The
CDMA system could encode the 8 bit samples directly
into carrier phase angles. This would eliminate the need
for a vocoder or 2 FEC encoder/decoder. It would also
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require a somewhat higher signai-to-noise ratio for
good performance, resulting in lower capacity. In an-
other alternative. the 8 bit speech samples could be
directly encoded into carrier amplitudes. In yet another
alternative. the speech waveform samples could be
encoded into carrier phases and amplitudes.

The previous description of the preferred embodi-
ments is provided to enable any person skilled in the art
to make or use the presenat invention. The various modi-
fications to these embodiments will be readily apparent
to those skilled in the art, and the generic principles
defined herein may be applied to other embodiments
without the use of the inventive faculty. Thus, the pres-
ent invention is not intended to be limited to the em-
bodiments shown herein but is to be accorded the wid-
est scope consistent with the principles and novel fea-
tures disclosed herein.

We claim:

1. A system for modulating an information signal in a
spread spectrum communication system, compnising:

means for generating an orthogonal function signal

representative of an orthogonal function selected
from a plurality of orthogonal functions:

means for generating a pseudorandom noise (PN)

signal of a predetermined PN code;

means for combining said orthogonal function signal.

said PN signal and an information signal. and for
providing a resultant first modulation signal.

2. The svstem of claim 1 wherein said plurality of
orthogonal functions are Walsh functions.

3. The system of claim 1 wherein said PN signal is an
sugmented length maximal-length linear sequence PN
code.

4. A spread spectrum modulator for modulating a
digital user information signal for transmission to an
intended recipient user, comprising:

orthogonal function generator means for generating a

preselected Walsh function signal;

first combiner mesans for, receiving and combining

said user information signal and said Walsh func-
tion signal, and providing a resultant intermediate
modulation signal:

pseudorandom noise (PN) generator means for gener-

ating first and second PN signals of a code se-
quence different from one another; and

second combiner means for, receiving and combining

said intermediate modulation signal respectively
with said first and second PN signals. and provid-
ing resultant first and second output modulation
signals.

S. The modulator of claim 4 further comprising en-
coder means for receiving and error correction encod-
ing said user information signal, and providing an error
correction encoded user information signal to said first
combiner means for combination with said Walsh func-
tion signal.

6. The modulator of claim 5 further comprising inter-
leaver means for receiving and interleaving said error
correction encoded user information signal, and provid-
ing said interieaved error correction encoded user infor-
mation signal to said first combiner means for combin-
ing with said Walsh function signal.

7. The modulator of claim 6 further comprising trans-
mission means for modulating said first and second
output modulation signals upon a carrier signal and
transmitting ssid modulated carrier signal.

8. The modulator of claim 7 wherein said transmis-
sion means comprises:
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signal conversion means for receiving and converting
said first and second output modulation signals to
analog form;
carrier modulation means for, receiving and modulat-
ing first and second carrier signals respectively
with said analog first and second output modula-
tion signals, and combining said modulated first
and second carrier signals as a transmission signal:

frequency conversion means for receiving and con-
verting said transmission signal to a higher fre-
quency; and

antenna means for radiating said frequency converted

transmission signal.

9. The modulator of claim 4 further comprising data
scrambler means for generating a scrambling signal
unique to said intended recipient user, and said first
combining means further for receiving and combining
said scrambling signal with said user information signal
and said Walsh function signal.

10. The modulator of claim 9 wherein said dsta
scrambler means comprises user PN generator means
for generating as said scrambling signal a user PN code
sequence unique to said intended recipient user.

11. The modulator of claim 4 wherein said digital user
information signal is comprised of frames of variable
rate vocoded voice data.

12. A code division multiple access (CDMA) trans-
mission system for spread spectrum modulation and
transmission of a plurality of input digital user informa-
tion signals each intended for a respective recipient
user. said transmission system comprising:

spreading means for generating first and second spec-

trum spreading signals;

pilot channel means for, generating a pilot channel

orthogonal function signal representative of a first
orthogonal function selected from a set of orthogo-
nal functions, combining said first and second spec-
trum spreading signals with said pilot channel or-
thogonal function signal, and providing as an out-
put first and second pilot channel output signals:

a plurality of user channel means each for, receiving

a respective one of a plurality of user information
signals, generating a user channel orthogonal func-
tion signal representative of a selected one of said
orthogonal functions of said set of orthogonal func-
tions wherein each user channel orthogonal func-
tion signal is of a different orthogonal function
with respect 10 each other user channel orthogonal
function signal and said pilot channel orthogonal
function signal, combining said received user infor-
mation signal with said generated user channel
orthogonal function signal so as to provide a resul-
tant user channel orthogonalized information sig-
nal, combining each resultant user channel orthog-
ond spectrum spreading signals, and providing as
an output from each respective user channel means
corresponding first and second user channel output
signals;

transmission means for, receiving and converting said

first and second pilot channel cutput signals to
analog form, receiving and converting each user
channe] means first and second user channel output
signals to analog form, combining said analog first
pilot channel output signal and each analog first
user channel output signal to provide a first com-
bined signal, combining said analog second pilot
channel output signal and each analog second user
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channel output signal to provide a second com-
bined signal, combining said first combined signal
with a first carrier signal so as to provide a first
modulated carrier signal, combining said second
combined signal with a second carrier signal so as
to provide a second modulated carrier signal, com-
bining said first and second modulatéd carrier sig-
nals as a composite modulated carrier signal, and
transmitting said composite modulated carnier sig-
nal.

13. The transmission system of claim 12 further com-
prising at least one auxiliary channel means each for,
receiving a respective auxiliary channel information
signal, generating an auxiliary channel orthogonal func.
tion signal representative of a selected one of said or-
thogonal functions of said set of orthogonal functions
wherein each auxiliary channel orthogonal function
signal is of a different orthogonal function with respect
to each other auxiliary channel orthogonal function
signal, each user channel orthogonal function signal and
said pilot channel orthogonal function signal, combin-
ing said received auxiliary channel information signal
with said generated auxiliary channel orthogonal func-
tion signal so as to provide a resuitant auxiliary channel
orthogonalized information signal. combining each aux-
iliary channel orthogonalized information signal with
said first and second spectrum spreading signals, and
providing ‘as an output from each respective auxihary
channel means first and second auxiliary channel output
signals to said transmission means; and

said for transmission means further for, receiving and

converting each auxiliary channel means first and
second auxiliary channel output signals to analog
form, combining each analog first auxiliary channel
output signal with said analog first pilot channel
output signal and esch analog first user channel
output signai in said first combined signal, combin-
ing each analog second auxiliary channel output
signal with said anslog second pilot channel output
signal and each second user channel output signal
in said second combined signal

14. The modulator of claim 13 wherein each user
channel means is further for forward error correction
encoding and interieaving data bits of said user informa-

tion Sl#;:
modulator of claim 14 wherein each user

chunne_l means is further for generating and combining
an intended recipient user specific scrambling signal
with said encoded and interleaved user information
signal.

16. The transmission system of claim 14 wherein said
sprudin; means comprises:

first pseudorandom noise (PN) generator means for
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génerating said first spectrum spreading signal of ss

an In-Phase PN chip code;

second PN generator means for generating said sec-
ond spectrum spreading signal of a Quadrature-
Phase PN chip code; and

wherein ssid In-Phase and said Quadrature-Phase PN
chip codes are each of a different polynomial func-
tion.

17. The transmission system of claim 16 wherein said

pilot channel means comprises:

pilot channel Walsh function generator means for
generating said pilot channel orthogonal function
signal comprised of a Walsh function chip se-
quence of zero state chips;

63

pilot chanmel first combiner means for receiving and
combinifig said firs: spectrum spreading signal with
said pllot channel orthogonal function signal, and
providing said first pilot channel output signal: and

pilot channel second combiner means for receiving
and combining said second spectrum spreading
signal with said pilot channel orthogonal function
signal, and providing said second pilot channel
output signal.
18. The transmission system  of claim 17 wherein each
user channel means comprises:
user channel Walsh function generator means for
generating ssid respective user channel orthogonal
function signal comprised of a selected Wailsh func-
tion chip sequence of zero and one state chips;

user channe! first combiner means for receiving and
combining said respective user information signal
with said generated user channel orthogonal func.
tion signal, and providing said user channel orthog-
onalized information signal;
user channe! sedond combiner means for receiving
and combining said first spreading spectrum signal
with said user channel orthogonalized information
signal, and providing said first user chaanel output
signal; and
user channel third combiner means for receiving and
combining said second spectrum spreading signal
with ssid generated user channel orthogonalized
information signal, and providing said second user
channel output signal.
19. The transmission system of claim 18 wherein each
auxiliary channel means comprises:
auxiliary channel Walsh function generator means for
generating said respective auxiliary channei or-
thogonal function signal comprised of a selected
Waish functiof chip sequence of zero and one state
chips;
auxiliary channel first combiner means for receiving
and combining ssid respective auxiliary informa-
tion signal with said generated auniliary channel
orthogonal function signal, and providing said aux-
ilisry chantiel orthogonalized information signal:

auxiliary channe! second combiner means for receiv-
ing snd combining said first spectrum spreading
signal with said auxiliary channel orthogonaiized
information signal. and providing said first auxil-
iary channel output signal; and

auxiliary chennel third combiner means for receiving

and combining said second spectrum spreading
sighal with said genersted auxiliary channel or-
thogonalized information signal, and providing
said second suxilisry channel outpet signal.

20. The modulstor of clsim 12 wherein each user
information signal i comprised of a sequence of fixed
time frames of data wherein each dats frame is com-
prised of a variablé number of bits of varisble rate vo-
coded voice data.

21. The modulator of ciaiss 20 wherein each input
user informatid signal fisme of data further comprises
s cyelic redundancy check code (CRCC) bits, said
CRCC computed bassd upon’ each respective frame
data bits.

22. The modulator of claim 21 wherein certain input
user information signal data frames of is-further com-
prised of power control bit data.

23. In a'code division multiple access (CDMA) cellu-
lar telephone system, a cell-site transmission system for
spread spectrum modulation and transmission of a plu-
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rality of input digital user information signals each con- channei second FIR filter input coupled to said
taining user information intended for a respective recip- user channel third exclusive-OR gate output: and
ient user. said transmissin system comprising: (e) user channel first and second gain control ele-
a spectrum spreading signal generator comprising: ments each having a pair of inputs and an output,

(2) an In-Phase channel pseudorandom noise (PN)
generator having an output; and

(b) an Quadrature-Phase channel PN generator
having an output;

a pilot channel signal generator comprising:

one input of each of said user channel second and
third exclusive-OR gates coupled to said user
chanael first exclusive-OR gate output, another

one input of each of said user channe! first and
second gain control elements receiving a respec-
tive one of said plurality of gain control signals.
another input of said user channel first gain con-
trol element coupled to said user channel first

ilot channel Walsh function generator having 10 FIR filter output, and another input of said user -
(.).:,‘:,l::;m; alsh on 8 8 clgmne! second gain control element coupled 10
(®) pilot channel first and second exclusive-OR . wd:w chn.:: m& ﬁlt‘er output; and
gates each having a pair of inputs and an output, a transmit power mprising:
one input of each of said pilot channel first and () first and second sets of digital to analog (D/A)
second exclusive-OR gates coupled to said pilot 13 m"m each £{% ‘;‘:‘::n“" b"":fl;'d‘“'?m
channel Walsh function generator output, an- h‘:‘ output, ¢ verter ‘f“‘
other input of said pilot channel first exclusive- set having an input coupled to an output of a
OR gate input coupled to said In-Phase channel ,’“P“‘l“" one o;dm:ndm channel g’;‘ gain
PN generator output, and another input of said °°“"°l *l ment nd “;“DC/MA t 3‘“;
pilot channel second exclusive-OR gate input 20 m‘m € em:en‘u.h eaci . ml::““ o
coupled to said Quadrature-Phase channel PN outpumt ofndn “:'o:: ;’&dﬁ& ch‘a:n‘::
generator output; respectiv
(c) pilot channel first and second finite impulse n;*lms:o‘n.d}n @:::;tm“' nngsud user chan-
response (FIR) filters each having an input and 2 (b) first snmmz:' and d :eummamen" each having a
an output, said pilot channel first FIR filter input plurality of inputs m’“"m" output, each one of ”‘l 3
coupled to said pilot channel first exclusive-OR ficst summer in puts coupled lc; an output of a
gate output and said pilot channel second FIR respective D/A converter of said ﬁrs': et of
filter input coupled to said pilot channel second D/A converters and said second summer inputs
exclusive-OR gate output: and 30 coupled to an output of a respective D/A con-
(d) pilot channel first and second gain control ele- verter of said second set of D/A converters:
ments each having a pair of inputs and an output, (c) first and second mixers each having a pair of
one input of each of said pilot channel first and inputs and an output, one input of said first mixer
second gain control elements receiving a respec- coupied to said first summer output, another
tive one of a plurality of gain control signals. ;¢ input of said first mixer receiving a first local
another input of said pilot channel gain first con- oscillator signal, one input of said second mixer
trol element coupled to said pilot channel first coupled to said second summer cutput, and an-
FIR filter output, and another input of said pilot other input of said second mixer receiving a
channel second gain control element coupled to second local oscillator signal;
said pilot channel second FIR filter output: © (d) a third summer having a pair of inputs and an
a plurality of user channel signal generators each output, one input of said third summer coupled
compnsing: to said first mixer output and another input of
(a) a user channel Walsh function generator having said third summer coupled to said second mixer
an input and an output. each user channel Walsh output;
function generator input receiving a function 4 () a third mizer having a pair of inputs and an
select signal: output, one input of said third mixer coupled to
(b) a user channel first exclusive-OR gate having a said third summer output and another input of
pair of inputs and an output, one input of said said third mixer for receiving an RF carrier sig-
user channel first exclusive-OR gate for receiv- nal:
ing a respective input digital user information sp (f) a bandpass filter having an input and an output,
signal and another input of said user channel first said bandpass filter input coupled to said third
exclusive-OR gate coupied to said user channel mixer output; and
Walsh function generator output: (8) & variable gain RF amplifier having a pair of
(c) user channel second and third exclusive-OR inputs and an output, one input of said RF ampli-
gates each having a pair of inputs and an output, 35 fier coupled to said bandpass filter output, an-

other input of said RF amplifier for receiving an
RF power gain control signal and said RF ampii-
fier output for coupling to an anteans system.

input of said user channel second exclusive-OR 24. The transmission system of claim 23 wherein said
gate input coupled t0 said In-Phase channel PN 60 In-Phase channel PN generater from a first
generator output, and another input of said user  polynomial function an In-Phase PN signal and said
channel third exclusive OR gate input coupled to  Quadrature-Phase channel PN generator generates a
said Quadrature-Phase channel PN generator  Quadrature-Phase channel PN signal of a second and
output; different polynomial function.

(d) user channel first and second FIR filters each 65  25. The transmission system of claim 34 wherein said
having an input and an output, said user channel pilot channel Walsh function generstor generates a pilot
first FIR filter input coupled to said user channel  channel Walsh function signal representative of a prede-
second exclusive-OR gate output and said user  termined Wailsh function, and each of said user channel
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Walsh function genersiors generate, in response 10 a

respectively received function select signal. a respective

user channel Waish function signal representative of a

different Walsh function with respect to one another

and said pilot channel Walsh function. s

26. The transmission system of claim 28 wherein each

user channel further comprises:

a convolutional encoder having an input and an out-
put, said convolutional encoder input receiving
said respective input digital user information signal;

a convolutional interleaver having an input and an
output, said convolutional interleaver input cou-
pled 10 said convolutional encoder output;

a user changel PN generator having an output and
capable of generating a user channej PN signal of a
user specific PN code;

a user channel fourth exclusive-OR gate having a pair
of inputs and an output, one input of said user chan-
nel fourth exclusive-OR gate coupled to said user
channel PN generator output, another input of said 20
user channel fourth exclusive-OR gate coupled 10
said convolutional interleaver output, and said user
channel fourth exclusive-OR gate output coupied
to said one input of said user channel first exclu-
sive-OR gate.

27. The transmission system of claim 23 wherein said

piot channel Walsh function generator generates a pilot

channel Walsh function signal representative of a prede-
termined Walsh function, and each of said user channel

Walsh function generators generate, in response to a

respectively received function select signal, a respective

user channel Walsh function signal representative of a

different Walsh function with respect to one another

and said pilot channel Walsh function.

28. The transmission system of claim 23 wherein each

user channel further comprises:

a convolutional encoder having an input and an out-
put. said convolutional encoder input receiving
said respective input digital user information signal;
and

a convolutional interieaver having an input and an
output. said convolutional interleaver input cou-
pled 10 said convoiutional encoder output and said
canvolutional interleaver output coupled to said
one input of said first user channel exclusive-OR
gate.

29. The transmission system of claim 28 wherein each

user channel further comprises:

a user channel PN generator having an output and
capable of generating a user channel PN signal of a 50

user specific PN code;

a user channel fourth exclusive-OR gate disposed
between said convolutional interieaver and said
user channel first exclusive-OR gate, said user
channel fourth exclusive-OR gate having a pair of 55
inputs and an output, one input of said user channel
fourth exclusive-OR gate coupled 10 said user
channel PN generator output, another input of said
user channel fourth exclusive-OR gate coupled to
said convoiutional interlesver output, and said user
channel fourth exclusive-OR gate output coupled
to said one input of said user channel first exciu-
sive-OR gate.

30, The transmission system of claim 23 further com-

prising a sync channel signal generator, said sync chan- 63

nel signal genérator comprising:

(a) a sync channel Walsh function generator having
an output:
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(b) & sync channel first exciusive-OR gate having a
pair of inputs and an output. one input of said sync
channel first exclusive-:OR gate for receiving an
input digital svnc channel information signal bear-
ing system information, and another input of said
sync channel first exclusive-OR gate coupled 10
said sync channel Walsh function generator output;

(c) sync channel second and third exclusive-OR gates
each having a pair of inputs and an output. one
input of each of said sync channel second and third
exclusive-OR gates coupled to said sync channel
first exclusive-OR gate output, another input of
said sync channel second exclusive-OR gate input
coupled to said In-Phase channei PN generator
output, and another input of said sync channel
third exclusive-OR gate input coupied 10 said
Quadrature-Phase channel PN generator output;

(d) sync channel first and second FIR filters each
having an input and an output, said sync channel
first FIR filter input coupled to said sync channel
second exclusive-OR gate output and said sync
channel second FIR fliter input coupled to said
sync channeli third exclusive-OR gate output: and

(e) sync channel first and second gain control ele-
ments each having a pair of inputs and an output.
one input of each of said sync channel first and
second gain control elements receiving a respective
one of said plurality of gain control signais. another
input of said sync channel first gain control element
coupled to saii sync channel first FIR filter output,
another input of said sync channeél second gain
control element coupled to said sync channel sec-
ond FIR filter output, and wherein said sync chan-
nel first FIR filter output is coupled to an input of
a corresponding D/A converter of said first set and
said second sync channel FIR filter output coupled
to a corresponding D/A converter of said second
set.

31. The transmission system of claim 30 further com-
prising a paging channel signal generator, said paging
channel signal generator comprising:

(2) a paging channel Walsh function generator having

an output;

(b) a paging channel first exclusive-OR gate having a
pair of inputs and an output, one input of said pag-
ing channel first exclusive-OR gate for receiving an
input digital paging channel information signal
besring intended recipient user communication
request information, and another input of said pag-
ing channe} first exciusive-OR gate coupled to said
paging channel Walsh function géserator output;

(c) channel second and third peging exclusive-OR
gates each having s pair of inputs and an output,
one input of each of said peging channei second
and third exclusive-OR gates coupled to said pag-
ing channel first exclusive-OR gate output, another
input of said paging channe! second exclusive-OR
gates input coupled to said In-Phase channel PN
geneérator output, and another input of said paging
channel third exclusive-OR gate input coupled to
said Qnadmure-l’lme channel PN generator out-
put;

(d) paging channel first and second FIR filters each
having an input and an output, said paging channel
first FIR filter input coupled to said paging channel
second exclusive-OR gate output and said paging
channel second FIR filter input coupled to said
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paging channel third exclusive-OR gate output:
and

(e) paging channel first and second gain control ele-
ments each having a pair of inputs and an output,
one input of each of said paging channel first and
second gain control elements receiving a respective
one of said plurality of gain control signals. another

input of said paging channel first gain control ele-
ment coupled to said paging channel first FIR filter
output. another input of said paging channel sec-
ond gain control element coupied to said paging
channel second FIR filter output. and wherein said
paging channel first FIR filter output is coupled to
an input of a corresponding D/A converter of said
first set and said second paging channel FIR filter
output coupled to a corresponding D/A converter
of said second set.

32. The transmission system of claim 31 wherein said
pilot channel Walsh fusction generator generates a pilot
channel Walsh function signal representative of a first
predetermined Waish function, said sync channel Walsh
function generator genersies a sync channel Walsh
function signal representative of a second predeter-
mined Waish function, said paging channel Walsh func-
tion generator generates a paging channel Waish func-
tion signal representative of a third predetermined
Walsh function. and each of said user channel Waish
function generators genmerate, in response 10 a respec-
tively received function select signal. a respective user
channel Walsh function signal representative of a differ-
ent Walsh function with respect to one another and said
first, second and third predetermined Walsh functions.

33. A method for modulatung a digital user informa-

tion signal for transmission 10 an intended recipient 2

user, comprising the steps of:
generating a Walsh function signal representative of a
Walsh function selected from a plurality of Walsh
functions:
combining a user information signal and said Walsh
function signal. so as to provide a resultant interme-
diate modulation signai:

generating at least one spectrum spreading PN signal:

and

combining said intermediate modulation signal re-

spectively with each of sad spectrum spreading
PN signals so as to provide corresponding resultant
output modulation signals for transmission 10 an
intended recipient user.

34. The method of claim 33 further comprising the
step of error correction encoding said user information
signal.

35. The method of claim 34 further comprising the
step of interleaving said error correction encoded user
information signal.

36. The method of claim 33 further comprising the
steps of:

generating a carrier signal;

modulating said first and second output modulation

signais upon said carrier signal; and

transmitting said modulated carrier signal.

37. The modulator of claim 33 further comprising the
step of:

generating a scrambling signal unique to said in-

tended recipient user: and

combining said scrambling signal with said user infor-

mation signal and said Walsh function signal.
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38. The modulator of claim 37 wherein said scram-
bling signal is of a user PN code sequence unique 10 said
intended recipient user.

39. In a code division multiple access (CDMA) com-
munication system. 2 method for spread spectrum mod-
ulation and transmission of a plurality of input digital
user information signals each intended for a respective
recipient user, said method comprising the steps of:

generating first and second spectrum spreading sig-

generating a pilot channel orthogonal function signal
representative of a first orthogonal function se-
lected from a set of orthogonal functions;

combining said first and second spectrum spreading
signals with said pilot channel orthegonal function
signal 50 as to form first and second pilot channel
output signals;

receiving in parallel a plurality of user information
signals each intended for a different recipient user;

generating for each received user information signal a
respective user channel orthogonal function signal
fepresentative of a selected one of said orthogonal
functions of said set of orthogonal functions
wherein each user channel means orthogonal func-
tion signal is of a different orthogonal function
with respect to each other user channel orthogonal
function signal and said pilot channel orthogonal
function signal;

combining esch user information signal with a re-
spective user channel orthogonal function signal so
as 10 form a respective resultant user channel or-
thogonalized information signal:

combining each user channel orthogonalized infor-
mation signal with said first and second spectrum
spreading signals so as to form respective pairs of
first and second user channel output signals:

converting said first and second pilot channel output
signals to analog form;

converting each each pair of first and second user
channel output signals to analog form;

combining said analog first pilot channel output sig-
nal and each analog first user channel output signal
so as to form a first combined signal:

combining said analog second pilot channel output
signal and each analog second user channel output
signal 50 as to form a second combined signal;

generating first and second carrier signals;

combining said first combined signal with said first
carrier signal so as to form a first modulated carner
signal;

combining said second combined signal with said
second carrier signal, so as to form a second modu-
lated carrier signal;

combining said first and second modulated carrier
signals so as to form a composite modulated carrier
signal; and

transmitting said composite modulated carrier signal.

40. The method of ciaim 39 further comprising the

steps of:

receiving in paralle] at least.one respective auxiliary
channel information signal;

generating for each received auxiliary channel! infor-
mation signal an auxiliary channel orthogonal func-
tion signal representative of a selected one of said
orthogonal functions of said set of orthogonal func-
tions wherein each auxiliary channel orthogonal
function signal is of a different orthogonal function
with respect to each other auxiliary channel or-
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thogonal function signal, each user channei orthog-
onal function signal and said pilot channel orthogo-
nal function signal:

combining each auxiliary channel information signal

with a respective auxiliary channel orthogonal
function signal so as 10 form a respective resultant
auxiliary channel orthogonalized information sig-
nal;

combining each auxiliary channel orthogonalized

information signal with said first and second spec-
trum spreading signals so as to form respective
pairs of auxiliary channel first and second auxiliary
channe] output signals; and

converting each pair of first and second auxiliary

channel output signals to analog form;

combining each analog first suxiliary channel output

signal with said analog first pilot channel output
signal and each analog first user channe! output
signal in said first combined signal;

combining each analog second auxiliary channel out-

put signal with said analog second pilot channel
output signal and each second user channei output
signal in said second combined signal.

41. The method of claim 40 further comprising the
steps of forward error correction encoding and inter-
leaving.data bits of said user information signal.

42. The method of claim 41 further comprising the
steps of generating and combining an intended recipient
user specific scrambling signal with said encoded and
interleaved user information signal.

43. The method of claim 41 further comprising the
step of providing each user information signal as a se-
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quence of fixed time frames of data wherein each data
frame is comprised of a variable number of bits of vari-
able rate vocoded voice data. ‘
44. The method of claim 43 further comprising the
steps of: .
generating, for each frame of each input user informa-
tion signal, bits of a cyclic redundancy check code
CRCC; and
providing said generated CRCC bits in each corre-
sponding frame of each input user information

signal.

45. The method of claim 44 further comprising the
step of inserting, in certain input user information signal
data frames, power control bit data.

46. The method of claim 41 wherein said first spec-
trum spresding signal is of an In-Phase pseudorandom
noise (PN) chip code. said second speetrum spreading
signal is of & Quadrature-Phase PN chip code, and said
In-Phase and Quadrature-Phase PN chip codes are each
genersted from a different polynomial function.

47. The method of claim 46 wherein said said pilot
channel orthogonal function signal is comprised of a
Walsh function chip sequence of zero swate chips.

48. The method of ciaim 47 wherein each user chan-
nel orthogonai function signal comprised of a selected
Walsh function chip sequence of zero and one state
chips.

49. The methad of claim 48 wherein each auxiliary
channel orthogonal function signal comprised of a se-
lected Walsh function chip sequence of zero and one
state chips.
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